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when do you plan to drill to 
27,500 FEET? 
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F Schlumberger now has in service a 24,000 foot 
cable the longest electrical logging cable ever 
made available to the oil industry 
Schlumberger is already designing equipment 
for safe and reliable logging at 27,500 feet 
Schlumberger progress is oi! progress 
y 
—_— 


SCHLLMBERGER 


SCHLUMBERGER WELL SURVEYING CORPORATION 


a 








RUGGED ano “READY 70 ROLL 


Both men and equipment have to be rugged to roll out more than five 
{Ul} 


millio es a month. That's how far Halliburton goes in its service to 
the oil justry. Halliburton’s present automotive fleet numbers nearly 
four tl and vehicles, ranging from sturdy little pick-ups to huge, heavy- 
duty per cementers 1 addition, Halliburton has five airplanes, five 
converted LCT’s and several barges in regular service. “We'll get there 
someho afely.”’ Behind the wheel of each Halliburton truck is a skilled 
and « need representative ready twenty-four hours a day, seven days 
perform the high quality of service that has made Halliburton 


a weel 


the leader in its field. You'll find it’s a good habit to call Halliburton. 














ZUBLIN DRAINHOLES | ‘vey 


proves 


ARE HorRIZONTAL ( 


20' enced ¢ oma 00 20° 30 40" 50" 
— —_ Section View (Sample) 





DRAINHOLE SURVEY 
by EASTMAN 


ELECTRIC LOG 
by SCHLUMBERGER 


Tio 5039" 


Several Drainholes properly drilled into the oil sands of a well 
will increase the potential, improve the maximum efficient daily 
production rate and will substantially Increase its Reserves 





TOTAL LENGTH OF DRAINHOLE = 71 ft. 
HORIZONTAL EXTENSION .. .= 52 ft. 


Plan View (Sample) 
Drain Holes are ro ty # 
open and do not 4 
require casing for EAST 269 
their protection 
They are full of 


high pressure fluid x : 


ot all times. 
Pegs ¢ & 





wo 
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The most effective method 
to permanently improve any 
producing well 











Call JE 6151 or JE 4433 for a full-size 
demonstration in our Plant (2369 East 
51st Street, Los Angeles 58) showing 
how Drainholes are drilled with... 


ZUBLIN FLEXIBLE DRILL PIPE 
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TOOL” 
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Snort orAedd 





MORE wuggediy built . . . 


no delicate adjustments. 


MORE simple to operate .. . 


insert disc, set time, and run, 


MORE adaptable . 


run on measuring line, swabbing line, 


‘RhRKEKKRKERRRRRARRAPE AEE A bec 


a’ 


xy 


vi 


wire line overshot, or drop as a go-devil. 


A DO 


MORE 


permanent records easily read 


aluminum recording disc unaffected by 


water, oil, or hole temperature. 
and 


YOu are MORE Pesitive of an Accurate Record of Well 


Bore Deviation with . 


“SURE SHOT”’ 
SOLD! .. 


at 





not rented 


LESS cost by a yearly comparison to rental 


tools. 








Do you want “Sure Shot’’ for MORE or LESS? 





The only Deviation Recording instru- 
ment sold outright (not rented) in both 
dlomestic and foreign fields. Shipped di- 
rect with operating instructions incladed. 


Write for additional information. 


EXCLUSIVE AGENTS 


A-1 BIT & TOOL COMPANY 


2000 HUSSION STREET ¢ BOX 2133. e CHarter 7611 © HOUSTON 


DISTRICT OFFICES AND SERVICE POINTS: 





TEXAS LOUISIANA OKLAHOMA ILLINOIS EXPORT NEW YORK, N.Y NEAR & FAR EAST 
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mg or Deane WYOMING Baash-Ross Tool Co. Hickman 20 Copthall Ave. 
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Beaumont Late Charles Saash-Ross Too! Co Import Tool Company C. R. Summers, ae 
(Sidewall Coring Avila Hotel ARGENTINA MEXICO 
CALIFORNIA MISSISSIPPI Casing Milling No. 10-620-8th Avenue Caracas. Langley y Cia, J. E. Douglas 
Los Angeles Brookhaven and Side Tracking t Venezuela Corrientes 1115 2nd Natl. Bank Bldg. 


Baash-Ross Tool Co. 


Burris Key Seat Wipers) 


es 
Calgary, Alberta 


uenos Aires 


ouston, Texas 
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g 0) years ago... 


a garden hose 


' 


+ 


‘Ontroduced’’ a new 


* 


oil field service! 


It was just an ordinary forty-foot piece of garden hose. 
Yet, this was the first piece of equipment used by The 
Dow Chemical Company to introduce inhibited acid 
into an oil well in central Michigan. The date, February 
11, 1932, marked the beginning of acidizing service to the 
oil industry. 

Twenty years and over 100,000 acidizing jobs later, 
Dowell Incorporated, organized as a subsidiary of Dow, 
is continuing to work with the oil industry to improve 
production practices. From that start with a garden 
hose, Dowell has developed special equipment, tech- 
niques and a staff of experienced engineers to help the 


search for better methods of utilizing reservoir energy. 


Today Dowell research continues to cooperate with the 
industry by providing new materials and new methods 
to solve oil field problems. Among the many valuable 
contributions Dowell has made are Selective Acidizing 
... the Electric Pilot Services . . . Perfo-Jet Service with 
the Glass Gun... Plastic Service . . . Jelflake . . . Paraffin 
Solvents . Bulk Inhibited Acid Maintenance 
Cleaning Service for Heat Exchange Equipment. 


When you “Look to Dowell’’, you'll find a sincere and 
active desire to put experience, knowledge and abilities 
to work for you. 


Lothaem 


DOWELL INCORPORATED 


TULSA 1, OKLAHOMA 
A Subsidiary of The Dow Chemical Company 





FOR Ol INDUSTRY CHEMICAL SERVICE 


API Standards in Equipment are Now Recognized 
Throughout the World. Here an API Official Evaluates 


The Program Begun Domestically in 1923. 


International Standardization of Oil Field Equipment 


By C. A. Young 
American Petroleum Institute 
Member AIME 


facturers. This was accomplished 
ruidanee of the U.S. Bureau of Stand 
the arch was a set of grand master 
wsited with the U.S. Bureau of Stand 


igen standardization of oil field drilling and produ 
equipment by the Division of Production of the Amer 
Petroleum Institute. inaugurated in 1923 as a domestic ac 


has expanded to the point where API standards are now recog 


secondary masters deposited with 


nized as international standards. The oil industry. therefor 
n the Eastern, Mid-Continent. and 


has a very substantial stake in the field) of internati: 
the United States. where manufac 


standardization 
res at stated intervals. When 


There have been some interesting developments affecting 
tolerances, they must be 


growth and recognition of these standards in foreign 
nanutacturer can depart from 


tries. The primary factor in this recognition has bee 
vreat period Experience e has 


leadership demonstrated by the American oil industry 
ee vears now. specified for 


development of drilling and production methods and in the ioc ' 1 ort 
nsures mpl protection for maintaining — the 


application of those methods in foreign fields. The 
threads. grand master gauges 


system of drilling. originated and developed in the | 
ibility can be maintained by 
ided elements of the manufac 


States is the more popular. although the cable tool 
is still used in many areas both here and abroad. The rota catalan tae whan : ‘ 


“ , , anutac 
system is similar to an augur which rotates as it penetrat ee en eee 
irers are required on tl iwccuracy of their master gauges 


Illustration of typical master iuge~ are appended. It can 


as compared to the older drop weight (cable tool) met 


which chisels and pulverizes as it progresses. Pitas 
hat I important threaded connection in 
The wide distribution of American equipment abroad 
% se in th oduc bra ias been standardized. 
ried with it API standards. Eventually many foreign | 
, part of th nternationa development is the 


facturers became interested in copying American desigt 
, ' system of identifvir products that meet its speci 


now be stated 


which involved the use of the necessary master gauge 
S fications t - an ofheial registered monogram, the use of 
threaded products. A word about the scope of the Institut 
‘ ~ granted to manufacturers under specified conditions 
standardization program and its administration is necessa 
<e conditions require tement from the manufacturer 
here to provide a better understanding of the factors invol 
de is wations an iso an afhdavit that the mono 
in the expansion of its use abroad. , F 
m will b sed only on products which comply with a 
that material that does not com 
Drilling Tool Connections Compliance with API standards 
. entirely the responsibility of the 
This program, similar to those in many other indust ' 
nut l ollie of compliance - done by the pur 
covers both quality and interchangeability. While standa 
‘ I ire ) commercial testing agencies or his 
of quality are essential. the interchangeability of threaded 
} clo re have been instances of non-compliance e, 
and mating parts is of transcendent importance. The maint : 
' ; : ich ve been promptly rectified by the manufacturer, but 
nance of interchangeability and the selection of sizes and type 
. ve »« ~ of willful non-compliance. 
of threaded connections presented some interesting prob! 
and required considerable study. Pipe. in the form of « 
tubing and drill pipe. is a very vital item in drilling for 
and gas. These tubular products are threaded with the - - manufacturers became interested in’ API 
V-thread. both roots and crests being rounded. The threads nkeeia sroblem of testing and maintaining their master 
connections on accessory equipment in the drill stem, suc iil sali his was solved through the appointment of 
as tool joints, drill collars, and too] bits, utilize a coarse fn sn official certifying agencies which are the counterparts. 
pitch, steeply tapered thread having a truncated 60° threa n their respective countries, of our U.S. Bureau of Standards 
form. Prior to API standardization there was no depend Before appointment. the foreign testing ageney was required 
j = = tal S 
able interchangeability between these important connect to calibrate a gauge and report on its acuracy. The gauge was 
of different manufacture. The complete chaos on drilling then sent to the U.S. Bureau of Standards where it was again 
tool connections was selved by the adoption of complete spe« culthcated: and thes " these two tests then compared 
fications on a selected list of sizes of threads. includi: Where differences occurred. they were adjusted by corre 
specifications on master gauges. anon intil there was complete agreement on the accuracy 
iods of measurement used by both 


The key to maintaining interchangeability on drilling tool of equipment 


is the maintenance of accuracy of reference master gauge S. Bureau of Standards is and has always been the 


February, 1952 JOURNAL OF PETROLEUM TECHNOLOGY SECTION 1 


























DISTRIBUTION OF MANUFACTURERS AUTHORIZED TO USE THE API MONOGRAM SHOWING OFFIC IAL GAUGE CERTIFYING AGENCIES 


last reser on ae iracy Its idgment is final 1 " lizal nd ‘ v the location of 


stry is deeply appreci f this service from esting laboratories 
Bureau of Standards and grat lly acknowledg re t present } fac t n the United States 
operation it hi wavs extended in our worl 1] tact t ited outsid o w United States 
nterchan t -olved le question of 
owned by reign manufacturers. Adjustment 
thre laboratory were minor 
In « ountries, the period of inter itest t t pecification translated 
period of time. In one t t i I ! English speakin 
Standards supplied the foreign test ountries f tio ‘ ven adopted by severa 
of equipment that had te | ! eft t ~! lard gence wv have been used as the 
medsurements Today his for Ofte if of related standards in which the 
there ire 
Australia vsical Laborators Ped 
lingtom, Middle ‘ \s ch-Te 


enecies in Europe ind I r nyveabrlit | <101 rf specifications have heer 


hnisehe Bunde oop ‘ ! tie standards organization- 


instalt, Braunsehwe es erman Laboratoire d’ Essais . 1 ! ed thro the erchal of committee reports 


Paris. Franee ind Na =p ‘ -. and other publications. Because of the strateg 
Standards vworale vision of Metrology Chippen na ¢ I tance of petroleum, the current activity in 


New Sou ‘ t irill and —- Retest 


\ system of reports o uges wned by manufacturers | 


= that of any prior period and 
las this intensit - reflect ! very widespread participation 
been adopted ad pec t ords are maintained in Dallas 

on the accuracy of the master gauges owned bv each manu he \ e of tl pro - made annually to API -tandard 
facturer whe has been authorized te use the APL monogram - on the | f ! on. not taking into account material 
It is through this <vstem of master gauges, official testing nutacture ind {is butes abroad The savings of thi- 
igencies, and systematic reports. that interchangeabilitv is regrar ‘ tlable b the facet that the component 


maintained on an international basis parts of i v cal ) purchased 


i from manutacturers 


The use of the Institute's monog ! is not contined ts ! { fore ntries and assembled at some d.s 
threaded connections. It is alse us on other products as tant point lt i vil we is a practical demonstration of 
well, for example. wire rope. derricks. mating pump part efhicac Fece re has been some striking evidence ot 
belting steel chain and other- tl Value tt = p ' n occasioned by the shortage ot stee 


Fig. 1 is a map which illustrates t] co o n thi ntry the p vear several thousand tons of 
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Geographical Distribution of Manufacturers 

Authorized to Use the API Monogram 

UNITED STATES (441) CANADA (21) 

Number 
95 Alberta 

British Columbia 

Manitoba 


Ontario 


California 
Colorado 
Connecticut 
Delaware 
Florida 
Idaho 
Ilineis 


Indiana 


Quebec 


CONTINENTAI 
EL ROPE (49) 
Austria 


Belgium 


Louisiana 
Kansas 
Marvland 
Massachusetts 
Michigan 
Minnesota 
Missouri 

Ne Ww 
New 
Ohio 
Oklahoma 
Oregon 


I rance 
Germany 
Holland 
Italy 
Sweden 
Jersey 


York 


-REAT BRITAIN 
England 
Scotland 


(2) 


ASIA (2 
Duteh East Indies 


Japan 


Pennsylvania 
Rhode Island 
Texas 
Tennessee 
Ltah 

Virginia 
Washington 
West Virginia 
Wisconsin 
Wvoming 


AUSTRALIA (4) 
New South Wales 


S. E. Buckley Rece 


Sixth Petroleum Branch Certificate of Service 
EK. Buckles 
ind Refining Co 
the 


The 
iwarded te Stuart 
Humble Oil 


Petroleum 


“ 
chief of production res 
lor 
obee New 
Ren 


, 
vine 


of Feb 
Last recipients of the award were Joseph B 

Julius Fohs 1949 
ate at 


Branch night 19 in 


Cuts 


ind i 


certify 


Buck 


whe were honored in 
comes 
entitled Petroleum Conservatior 


York reads 


invaluable contributions te 


editing of the volume 


certificate which he will receive in’ New 


“In gratitude for his pet 
literature culminating in’ his 
Doherty Memorial Volume. Petrol: 
ind for his unselfish and proficient leade 


Local 


reference 


leum engineering 


of the 


ithe 


editing 


ship of many Section and Branch Committe 


with particular to his abilitv te bring 


constructive tocts 


Buckley i 


niversits 


many varied and divergent views 


He 


te 


attended 
1933 di 


Pass. Tex 
1926 


a native of Eagle 
{ \ustin 


which time 


of Texas at from 
In mid-1933. he joined Humble as rousta 


Field. to the Produc 
Research Dept. Since that time. he has worked with Hur 


engineering 


the 


a 


in Conroe later transferring 


is a research engineer. concerning himself mostly with 
duction problems and oil reservoir behavior. In 1939, he 
advanced to assistant head of the department and in 
assumed its direction 

Buckley has also been busy im the affairs of the Petrol 


In 1942 


Branch 


at the Annual Banque 


lar and 


France 


England 
orted 


tubu Belgium 
United States 
his 
(merican product 
the 


development of standards 


(Lermany, 


the and are 


drilling 


the 


inte 


being used wu domestic foreign 


operations, 


pipe interchang fectly with 


The 


services 


Institute ‘ with armed 


ooperating 


the 
oil and other products. Petroleum and its 


the 


our g i" 
tanks 


vers 


on storage for 
and 
products is identical with their 
During World War 
APL specifications were used by the armed 
over there was a large surplus 
the Re 
a more complete 
rhis de 
Army 


forces 


products are mportant to our armed forces 


storage of these use 


probable 


n our domestic Il several thou 


sand tanks made 


t my 
when th ir Was 
ie 


te 


ee ind 


te industry 


for 


compon 


Was ivailable 


d need 
oft “nt 
worked out 
the 
e savings in producing material 
dls the of 


s apparent 


parts. 
with the 


heer 


either armed or 


without building 


lee 
in international standardization 
ittempt to harmonize and stand 
terials and equipment used in 
it 


the present rapid advances 


communication, the need for 
| undoubtedly 
ty. Our 
held 


in the 


increase and 


reason for presenting 


il to make our 
that it might be 


ire net attempting to make any 


expert 
hope at 
future activities of this interna 
ss cil willi ness Lo cooper ite 
understanding 


* 


thout a better 


nternational relationships 


ives Certificate of Service 


y 


i time when he has just completed 


he received the BS and MS degrees in chemi 


be 
ti 


Wil 


YI] 


he served as chairman of the Gulf Co 


Section and was elected to the Petroleum Branch Execut 


Committee in 1944. serving also as vice-chairman 
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Vechuical Hote 1(0F ——— 


{1 STUDY OF THE PERMANENCE OF PRODUCTION INCREASES DUE 
HYDRAULIC FRACTURE TREATMENTS 


C. R. FAST, STANOLIND OIL AND GAS CO., TULSA, OKLA 


to evaluate the ability of a Hydratrac treatment 
sustained increase in well production, data were howing Sustained 
rst 65 wells in ields treated by Stane Production Increase 
were obtained from such a large nun 


individual well or reservoir char 


overall picture. as might be the 


ld « one group of wells 





Table | and plotted ot 


the end of six months 
60 wells on which data were available 2 Z 
ie. sha end of tue YEARS AFTER TREATMENT 
data were vailal on 25 well hese. 15 wells. ot N DECLINE AFTER HYDRAFRAC 
per cent =the sustained production increase At the 
of three year ) percent, o of 18 wells had a pro 
ction rate greater at that tin ' ore Hvydrafrac treat 
t. The lack of information o1 dditional wells at the end Vable I 
t the third y is imarily a result of the small number of 
eatments conducted in the early stages of field applic ition 
this proces reduction data o wells tre ited more thar 


ree Vears age al himutes yO w wells that they were not 
considered 

> contains twe slots « the production data from the 

surveyed, expressec re tof pretreatment produc 

on plotted against \ . ter treatment. Only the 

wells showing a sustained ine ~¢ in production were consid 


ered in the ipper plo I | wells on which data wet 


M 

lower plot. The upper curve 
treatment the production trom 
reater than before treatment 
lx were producing at a rate 
Hydrafrac production rate 
= treated from which data 
mm the lower curve that after 
pre-Hydrafrac production wa- 
duction from these wells did not 
ent level until ipproximately two and 

treatment 
chown on Fig 2 is all net in 
ost of Hvdrafrace treatment ot 


first six months of production 


ndicates that Hvdratrac treatment 
iined increase in preduction. As 
ible. this study will be continued 


. ~ 
PRODUCTION SUSTAINED AFTER HYDRAFRA( o deter e the i ! he production increase. *  * 
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“Here's what BAASH-ROSS 


to simplify your 


THREE gasic TY 
pERATOR 


has done 


+ well head problems! 


'§ pequirneMEnTS present-day operations, Beash-Ross now offers three basic 


»ss News 


For many yeers Baash-Ross has been a leader in the. 
development of more compact, more efficient Well Head 
Equipment. And to meet the varied requirements of 


types of Head Assemblies—each offering certain vital 
advantages to save time, space, and money on your 
development programs... 





BAASH-ROSS 
rrype “UPS” HEADS 


Combine Pack-Off And Slips 
In One Unit 


Type “UPS” Heads—a new Baash-Ross development 
—have the Packing Element and Slips unitized into a single 
hinged assembly that simply w-r-a-p-s around the casing 
and locks in piace with one bolt. As the weight of the cas- 
ing is placed on the slips, they automatically equalize them- 
selves within the bowl to assure exact centering of the 
casing as well as a uniform grip around the entire circum- 
ference of the pipe. A few quick turns of a wrench then 
expands the packing element for a pressure-tight seal. 


“UPS” ADVANTAGES INCLUDE . . . (1) No space wasted by 
threads, grooves or other packer-retaining devices—therefore overall 
height is reduced to a minimum . . . (2) Elimination of threads, 
grooves, etc., means a smooth bowl—nothing to become damaged dur- 
ing drilling operations, no need for protective sleeves . . . (3) Since 
all the slip segments are unitized together, none can set higher or 
lower than the rest—no risk of crimping the casing, no danger of an 
unequal grip that may fail in service . . . (4) Slips are set and packing 
is tightened around casing without stripping and without first cutting 
the casing. Simplifies i liati saves time! 

“UPS” Heads also incorporate the unique Baash-Ross weld- 
testing feature which permits simultaneously testing the pressure- 
tightness of both casing welds with a gauge and hand pump as part 
of the installation procedure—or any time later. Any leaks discovered 
during the life of the well can be quickly sealed off by injecting plastic 
pack material. 

“UPS” Equip is ilable in a lete range of sizes 
««. for threading or welding to the casing . . . with or without Bases 
. +. and for use with over a dozen different Tubing Heads Suspensions 
and Hook-Ups. It is the ideal solution for a wide range of require- 
ments on medium and low-pressure wells! 
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View of Flange 
installed showing 
packing arrange- 
ment. 


‘ 


BAASH-ROSS 
type “UPS-DF’ HEADS 


Offer “UPS” Advantages 
Plus Demountable Flanges 





Type “UPS-DF” Heads combine all the “UPS” ad- 
vantages with an additional important feature—Demount- 
able Flanges that can be salvaged after the drilling 
operations for use on other installations. 


The body, packing and slips of this design are the same as 
standard “UPS” Heads to provide all the important “UPS” advan- 
tages outlined at left. However, the flange is attached to the main 
body by means of a square thread so that it can be readily removed 
when drilling operations are completed. 

During drilling, the flange is installed on the Head to provide 
means for attaching standard pressure control. A unique packing 
arrangement—having important advantages over the conventional 
ring-groove design—prevents leakage between the flanges and is so 
placed that the square thread is not exposed to casing pressure. 

After drilling is completed, the p control ip 
removed and the flange is unscrewed from the Head—an operation 
simplified by the easy make-and-break properties of the square thread. 
The flange, ring bolts and packing can then be used repeatedly on 
other wells, thus effecting important economies on multiple installa- 
tions. 





Available in a complete range of sizes and designs, Type 
“UPS-DF” equipment is the latest in a long string of Baash-Ross 
Landing and Casing Head advancements. Be sure to investigate the 
economies this equipment can make for you! 
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NATURAL GAS IS USED IN TEXAS 





OTHER INDUSTRIAL 


pLANt 
EMENT 
= t 


CUBIC FEET 


ae V7 evectRic’ 
GenERATING | | 
p——_—=f. roa. ; 
} 
ft { FINERIES} 
L bower LZ FUEL REP ULL, 


OF 


SSSISLIS) MihbfhihA tl lsfkfhfffssddg 
CARBON BLACK 


t 
a 


Se SLA 


~~ 


BILLIONS 


a 
; 


‘ 
{ 
‘ 
{ 
i 
r 
, 
4 


OIL & GAS FIELD USE 


1948 I949 


Source: U.S. Bureau of Mines 











An excerpt from our booklet, “Texas—First in Natural Gas” .. . 


presented for your information by our Oil and Gas Division. 


45 Years of Service to the Southwest 
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Member Federal Deposit Insurance Corporation 





AIME Honorary Membership Citation Given E. DeGolyer 


I the Annu Banquet of the AIMEE in New York City’s Statler Hotel Keb 
l 20. a citation will be read commemorating the election of | : DeGolver 
f the firm of DeGolver and MacNaughton Wn Dallas. to Honorary Membership 


in the AIME. Phe citation for this coveted award. held only by 20 living men. 
reads: 
uished service to the petroleum industry through his 
pioneerit n the application o eophysical techniques to oil find 
— many contributions he has made to 
our understanding of the occurrence of petroleum and natural gas. 
and in grateful acknowledgment of his unselfish and patriotic service 


to his country. by his leadership. sound counsel and excellent judg 


ment time of peace and in the face of war. which has brought 


honor t himself and to the Tustitute 
The Jour ov Perrotetw Teen svorocy thought it fitting to ask several 
AIME mem! ho have been cle to bk. DeGolyver to write brief apprecia 
of this man who has influen petroleum engineering and geology so 


The = 


DeGOLYER much, 


By A. Rodger Denison ational authority of the petroleum 
Amerada Petroleum Corp., Tulsa, Okla 


jinnacle because of many factors, promi 

kK. DeGolver inquisitive. imaginative, versatile. He nen mong wh . ~ insatiable thirst for knowledge. His 
inquisitive in the “researc h” needed for proving that the B vnkin I if where attention is generally focused 
cal character Job was the first petroleum geologist as that the e is rece to ideas: he has the vision to see things that 
silver mines of Laurium enabled Athens to deminate the need to be do has drive to put ideas into action: he i- 
incient Greek world ' ker o iknown and selves problems by the applica 

Hi+ imagination brought the classical earth instrument ind economic horse sense 


torsion balance and the seismograph. to oil exploratio is resulted in his surrounding 


suggestion on visiting a laboratory for the study o ( oa a ood mes / many voung engineers, he has 


samples “put wheels under” the instruments and sent the ven of vision out of his own experience. He has 

the field laue!t t yoru onomi the value of money, the neces 
Geologist. business executive. author, editor, publishe ‘ not least. to think objectively 

leader. college professor, raconteur, advisor to United Stat re le . i} releum industry teday, and others 

ind foreign governments, thrice medalist. holder of nu 

henerary degrees, citations from the oil industry and scientif si espensib or manv technical advances of 


ocieties. Such is the versatility of the man | hates inchuiios § apping of subsurface formations 
He is a man who never let executive duties interfere seismic methods. For his out 
his geologic al curiosity heen awarded medals by geologic and 
He is likewise a man who never let geological theor n fact e has been referred to as 
him te economic reality Notwithstanding all the success that 
ionors that have been bestowed Uupen 


erve his country in the last World 
(Administration for Defense. He also 


He is. in short. a man who can be equally enthusia- 
i fresh. new exploration concept as in initiating a new 
dollar corporation 
da t to counsel an vise younger men in the petroleum 
Who. more than he. typifies the judicious applicat 
; ndustry tot end that las won for himself a warm spot 
sel ’ les to the f otf exploration ¢ , 
entihe princi le ‘ lw art ole ple oe eS ; i: se Itai. “iy emia alan lac Se ae 
Who. more than he. typifies the American opportuni : io eae s to praise 


ndividual initiative and enterprise ¢ 


Who. more than he. tvpifies the Horatio Alger saga 
t eee By Wallace E. Pratt 
le inswer i= he one Geologist Retired, Carkbed, N. M. 


By W. S. Morris charac -tie which distinguishes E. DeGolver is intelli 
oie Y nquisitive ‘ telligence. This talent 
East Texas Salt Water Disposal Co., Kilgore, Tex - I ivid intelligence eileen 
Nas a ! 1 his entire pre fessional caree! No one whe 

It has been my privilege to Know many of the ousta uur in conversation with him can 


engineers in the petroleum industry. but none has enjoy umazing quality of his mind —— his 


enviable reputation of BE. DeGolver. the oil man’s nentality 
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It is this quality of mind and the impression it made on 


these who encountered it. which carried DeGolyer, a boy just 


out of school, in a short span of years, from the position of 


S. Geological Survey party in Wyoming 
cook, 
emploved for the to that of chief geologist of the 
British-owned Mexican Eagle Oil Co.. in Mexico, perhaps the 
North 


field assistant on a | 


(DeGolver himself maintains he was only the camp 


summer? 
largest crude oil producer on the American continent 
at the time 

alter 


time to 


It is this same quality of mind whieh made DeGolvyer 
Mie Aico 


research among Spanish-language sources on the early history 


a few vears in where he devoted his spare 


of the Southwest. the choice of the Board of Editors of Eney 


Britannica as the authority best qualified to write 


Anna for the 14th 


clopedia 
t biographical sketch of General Santa 
edition of that work 

there 
“the 


His is eminently the psychology of the 


intellectual 
that has 


Yet nowhere in DeGolver’s processes is 


any trace of the indecision been described as 


pale cast of thought. 


male animal vigorous. almost belligerent. As an expert wit 


hess 


in the verbal rough-and-tumble of a public hearing before 


i Congressional committee. he is at his best. His testimony 


is pithy and it carries conviction. It is courageous he is 


in nowise restrained by the realization that his recommenda 


tions will not be universally approved by his colleagues in 


the petroleum industry 
1948. James \V 


discussed with me the current situation in the petroleum 


Early in Forrestal. then Secretary of De 
tenise 
was well informed 


When | remarked 


here 


industry in relation to national defense. He 
His views were clearly defined and positive 
in effect: “lL am 


in my official capacity [ continue to enjoy the same advice on 


these facts, he replied fortunate in that 
vil problems that | learned to rely on a long time ago in the 
In my judgment his counsel 


I have long 


business world. | mean DeGolver 
in this field is the best the government can obtain 


been convinced that he is the most competent authority in the 


ye troleum industry 


By Paul Weaver 
Gulf Oil Corp., Houston, Tex. 


That DeGolyer i een an outstanding administrator in 


petroleum wreved by his success with the Mexi 


an Eagle, t mera the Ryeade, and in a consulting 


outstanding in the technical socie 


held, 


capacity 


ties is alse d om the positions which he has 


AAPG. 


him for 


especially in 1d the 


lo the ones known many years these 


rccomplishmer been al and a stimulus 


\ record such his must 


inspiration 
be based on special contributions to 
the petrole im industr two of which | consider outstanding: 

First, his inter the ¢ 
ogy. He has 


and of engi ng. and has 


velution of ideas and of technol 
serious student of the history of 
known that 


Many 


ilwa been a 


from such 


science 


studies valuable | ms can be learned engineers do 
not think of past and are likely to be subject 
to the ~Those 
shall be conder d to repeat its mistakes.” 


Phe second portant factor. it 


to the 


poet's who will not read history 
is his recog 
to all of 
il organization for their rapid testing 
When he 
decided on a ophysical organization he immediately 


should be 


idopted the same viewpoint in regard 


seems to me, 


nition that ind practices cannot be put 


new 
their uses witho 


ind widespread use under operating conditions 
began 
contracting the methods tested in 
diverse 
to the examinat f bsurface samples of reservoir rocks 


that 


idequate for the 


Some en feeling they themselves or their 


own or development ot new 


val 
techniques point 1 prevailed we would not have 


the eflicient which are so important in the 


America! 


ite now in ma ipa at the 


Although service companies oper 
that DeGolver acted 


generally accepted one, and he 


time 
on this 
oneered this development of spe 


Paul R. Turnbull ... 1952 Petroleum Branch Chairman 


Karly each October. Paul and Margaret Turnbull 
few week-end clothing items inte a bag, load up their car and 
Tex., home. 
headquarters for the Petroleum 
Cotton 


pack a 


attractive 
~ Dallas 

Dallas is also the site of the 
football 


head north from their Corpus Christi 


Phew 


Branch 


destination 

AIME. officer 
a huge 
sitv of Oklahoma and the University of 
finest athletes. The 


Bowl shrine dedicated to where the Univer 


Texas each vear pit, 


on neutral ground se latter 


to speak, the 
site, rather than the former. is the destination of the Turnbulls 


alumnus of OU (BS in petroleum engineering is 


football 


fer Paul during this particularly exciting period 


Paul. an 


one of the university’. most ardent fans. Margaret 


unfortunately 
Texas. The rivalry in the 


is an alumnus of the University of 


stands during this annual game sometimes exceeds that on 
the playing field 

After the 
Turnbull will have further reason 
with Dallas. At the Petroleum Branch Banquet in the Statler 
Hotel, he take over the chairn 1952 of the 
Branch from R. W. French. Paul (see 
spirited Southwest Texas Section. relatively young among the 


family of Branch 1947 Dau 


being elected its first chairman. That vear he was the 


New York 


to communicate 


tre quently 


annual meeting in this month 


will inship tor 


cover) comes trom the 


sections, It was formed in with 


same 
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the AIMI New 


returns as 


Annual Meeting in 
Branch Chairman. 


1949 


Committee 


of the section and in 


director 
Production Technology 
which is charged with the re 

we authorship of sufficient tech 
is Branch meetings. That same vear 
program tor the 


Antonio, 


Paul if t 
Mid-Continet 
lex. During rved as 

After raduated 
Humble Oil 


next 


chair il in irranging a 
| Meeting of the 
vice-chairman of the Branch 
University of Oklahoma 
and Refining Co. He 


19 vears working in West 


Branch in San 


trom. the 


in 1929 was 
iffliated witl iu or the 
Texas areas. From August, 


Texas. East Southwest 
1946, te mber, 1949 
of Humble 


mid-1949 | rene e manager of the drilling and production 


he was division petroleum engineer 
uuthwest Texas Division at Corpus Christi. In 
Corpus Christi 


departmet Gloria Corp. in 


His car vas rrupted during the war vears when. in 
serving 
In Sep 
rank of 

* * * 


1 second lieutenant 


» 


Corps as 
of operations for months 


tember duty with the 


major 
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Space savings add up big. 


...inthe Shell operated Elk City Plant! 


AKE a look at the compact, clean-cut line of 

engine-driven compressors shown here — seven 
Cooper-Bessemer 10-cylinder GMV’'s. Not so long 
ago the rating of these units would have totaled 
7,000 horsepower. But with today’s supercharged 
GMV's, it adds up to 9,450 horsepower. Thus, 7 
GMV's are now doing the work of 10 older-type 
units ... with no increase in speed and in only 7-unit 
space. Think what this saves in installation cost. 
piping. housing, maintenance, supervision and 
other expense items! 


What's more, supercharged GMV’s, like these, also 
offer important new economies in fuel and lube oil 


Another Lvample 
of 
Lificient lower 


at Lower Cost 


consumption. Straight through it’s a more efficient 
operation. 

Here you have the reasons why Shell and so many 
other companies are taking advantage of the latest 
developments in Cooper-Bessemer V-Angle design. 
The emphasis is on big savings, combined with the 
smooth dependability long demonstrated by these 
modern V-Angle units. 





The 
Cooper -Bessemer 
Corporation 





Bradford, Penna Parkerst 
Houston Dallas Greggtor 
Tulso, Okla 
Chicago, Hlinois Caraca 


New York, N.Y Washington, D. C 
San Francisco, Calif 
Odessa, Texas Seattle, Wash 


St. Louis, Mo. los Angeles, Calif 


MOUNT VERNON, OHIO — GROVE CITY, PENNA. 














ENGINEERED. .FIELD PROVEN... 









vt MEMBERS LUFKIN GIVES YOUsthe best in materials 
\) . SN gasitit® - con and design possible for our engineers to 
= consent hg pack into each component part. Every 
wemowslt in ont yoner” part is made to be tough, so it will stand 
weret og gest By up under the toughest service—but easy 
range ALIGN gt ane to maintain. Note the features of these 
pens 0n8 seg core Lufkin assemblies which help to make 

: Lufkin first in service, safety, dependa- 


bility and efficiency. 
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LUFKIN FOUNDRY & MACHINE COMPANY 


LUFKIN, TEXAS 





Branch sales and service Houston, Dallas, New York, Tulsa, Los Angeles, Seminole, Oklah City, 
Corpus Christi, Odessa, Kilgore, Wichita Falls, Casper, Wyoming; Great Bend, Kansas. 
Lufkin Equipment in CANADA is handled by 
THE LUFKIN MACHINE CO., LTD., 14321 108th Avenue, Edmonton, Alberta, Canada. 
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DIVISION LUFKIN FOUNDRY & MACHINE COMPANY 
bd INDUSTRIAL MILL AND AUTOMOTIVE SLIPPLIFS 


























Synthetic Liquid Fuels by Coal Hydrogenation 


The manufacture of synthetic fuels 
by coal hydrogenation is uneconomic 
at the present time, Paul R. Schultz 
told members of the Mid-Continent Sec- 
tion last month. Manager of the eco- 
nomics department of Stanolind Oil and 
Gas Co.. Schultz spoke after the regu- 
lar monthly dinner meeting in Tulsa. 

Schultz based his remarks on a com- 
parison of two reports estimating costs 
of establishing and operating a coal 
hydrogenation plant at Rock Springs. 
Wyo. One of these reports. prepared 
by the National Petroleum Council at 
the request of the Secretary of the 
Interior, showed that gasoline produced 
at this hypothetical plant would cost 
about 40 cents per gal. A similar report 
issued by the U. S. Bureau of Mines 
indicated a cost of about 11 cents per 
gal. 

Schultz said the USBM’s estimate of 
costs was too low for several reasons: 
Investment cost was underestimated 
while the capacity was over-estimated: 
other capital charges. including hous- 
ing. start-up expense, working capital. 
etc.. were either underestimated or left 
out entirely: labor, raw material. and 
maintenance costs were too low: by- 
product credits were over-estimated: 
and insufficient return on capital was 
allowed. 

The NPC committee work was un- 
dertaken in June of 1950. Subcommit- 
tees were organized to cover raw mate- 
rials, process, engineering, and eco- 
nomics. Indicating the complexity of 
the problem and the thoroughness with 
which the project has been studied. 152 
men served on or assisted the subcom- 
mittees: 
consulted: and the work cost about 
$300,000. 


115 outside companies were 


The accompanying tabulation sum- 
marizes the comparison between NPC 
and USBM estimates. While the USBM 
estimated that the plant at Rock 
Springs would handle 30,000 B/D, the 
NPC found that it would handle only 
27.000 B/D. While the amounts of 
liquid fuels produced are about the 
same there is considerable difference in 
the by-product chemicals. The NPC 
made a thorough market study to deter- 


mine plant realization on chemicals 
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Reported by W. B. Davis 
Mid-Continent Section 


and found them much lower than the 
USBM prices 

The NPC study found the required 
plant investment much higher than the 
figure published by the USBM. It ap 
pears, Schultz said, that the lt SBM has 
either ignored some very necessary cost 
adjustments or else has made major 
revisions to the process, that are not 
mentioned in their latest report. There 
is also a very large difference in hous 
ing expenditure The USBM contends 
that $5 million will be sufficient to as- 
sist in expanding established commu 
ties in the plant area. They say public 
agencies, suc h is I H \ shoul j be er 
couraged to ist with the development 
of community housing. The NPC con 
sulted some 
found that they 


such housing only if someone of recog 


nsurance companies and 


would loan money on 


nized financial standing assumed full 
risk for 
plant. The NP¢ 
would approve 

this kind at the time of construction 


continued operation of — the 
found that the FHA 


ne loans to a project of 


It may be noted that the difference 
between vearly operating costs, wit! 
out depreciation, is about $19 million 
As a typical example of why this large 
difference exists. the NP¢ 


that 238 men per shift w ll be needed 


estimates 


PAUL R. SCHULTZ 
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Coal Hydrogenation Plant at Rock 
Springs. Wyo. Comparison of NPC 
and USBM Estimates 

NPC USBM 
Input coal, Tons/D 12.960 13.380 
Output, B/D 
Motor gasoline 19.490 = 18,550 
Liquefied petroleum 
6.390 100 


1.120 4.350 


gases 


Chemicals 


Potal 27.000 

Investment, millions of dollars 

Coal mines. plants, ete. 473 106 
Housing and general 


30,000 


community 60 


Total 533 411 
for direct operation of the plant. The 
USBM estimates that only 156 men per 
shift will be necessary. 

The difference in operating expense, 
depreciation and credit for by-products 
cause the NPC and USBM cost per 
gallon to differ by a factor of about 2; 
that is. if the USBM cost figures were 
ipplied to a financial setup identical to 
that assumed by the NPC. the USBM 
cost would be about 20 cents per gallon. 
because the USBM assumed 
that 60 per cent of the necessary capi 


However 


tal could be borrowed and that an an- 
nual return of 6 per cent would be suf 
ficient to attract the remaining 40 per 
cent equity capital. the estimated costs 
per gallon differ by a factor of about 
t instead of 2. A leading auditing firm 
has indicated that for a venture such 
liquid fuel project. an 
innual return, after income tax and 
depreciation, of 15 per cent of the total 


as a synthetic 


invested capital would be required to 
ittract equity capital, This applies to 
all percentages of equity capital in the 
range of 80 to 90 per cent. as « urrently 
found in the petroleum and chemical 
industries: hence, it is felt that the 
USBM financial setup is totally unreal 
istic, 

“When the time comes for commer- 
cial production of synthetic fuels, the 
petroleum industry will be ready. Until 
that time it would be a great waste of 


Continued on Page 5, Section 2 
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In Keeping UP with Your Demands, We have 
Kept the Cost of Our Basic Service DOWN 


- 


With the courage of youth we adopted a policy, It has been gratifying to keep pace with the 
in our early days, of making Halliburton service progress of so fast-moving an industry, but still 
available wherever American oil men drilled for oil. more gratifying to provide expanded cementing 

We didn’t know at the time that fulfillment of this services and facilities at a cost that has been kept 
policy would carry Howco equipment and men to the down while practically all other costs have gone up. 
far corners of the earth, and necessitate the develop- Actually, the price of the average Halliburton 


ment of marine as well as land cementing facilities. cementing job is lower today than it was in 1924! 


erro PP urptur Dor 


Chairman of the Company 


HALLIBURTON OIL WELL CEMENTING CO. 
Duncan, Oklahoma 





Pressure Maintenance 
North Coles Levee Field 


At the 


Reported by D. B. O'Neill 


Pacific Junior Group 


C. \. Davis. northern division engi- 
neer for Richfield Oil Corp... outlined 
the features and problems of pressure 
maintenance at the North Coles Levee 
Field in Califernia’s San Joaquin Val- 
lev last month at a meeting of the 
Junior Section of the Pacifie Petroleum 
Chapter in Downey. Calif. 

The North Coles Levee Field. located 
on the floor of the San Joaquin Valley 
in California, was discovered in Janu- 
ary. 1938 and. like other oil fields such 
as Ten Section, Canal and Strand, seis- 
mic work played the majer role in its 
discovery. As a tribute to the accuracy 
of this exploratory work, the discovery 
well was found te be within two loca- 
tions of the apex of the pool. The struc- 
tural extent of the field is about 3.200 
acres: however. the productive bound- 
aries have not vet been established in 
the east-west direction. although the 
north-south Emits have been fixed by 
a number of dry holes and by several 
wells which penetrated thin sand sec- 
tions before reaching the water table. 
The field is four miles long and one 
ind three-quarters miles wide. 

Ihe original well, KCL-A 32-32. was 
completed in January. 1938. with an 
initial production of 3.000 BD of 32 
gravity oil. GOR 6.000 cu ft) bbl. Initial 
reservoir pressure was 4.000 psi. the 
bottom hole temperature Was 220°F. the 
~olution GOR was 650 cu ft bbl and the 
formation volume factor was 1.39. The 
bubble point) pressure was 2.550 psi, 
viscosity OS cp. the average porosity 
20 per cent. interstitial water 20 > per 
cent and the average permeability about 
125 md. 

All of the producing measures of the 
North Coles Levee Field are members 
of the Stevens sand of Upper Miocene 
age, although they have been divided 
into the 21-1 zone. the Main Western 





Officers of the Junier Section of 
the Pacific 
1952 are 

Donald B. ONeill Shell Oil Co.. 


chairman. 


Petroleum Chapter for 


as follows: 


Cedric Ferguson. Standard Oil Co. 
of California. program chairman. 
Robert H 


ploration Cu 


Burke. Southwest Ex- 


secretary. 











February, 1952 


(comprising — the ppe 
Western) zone. the 
(which is in orthwes 
the field) and o-called Deep zon 
Ihe 21-1 zone thie 


zone stratigrap 


western 29 
t portio 

ighest productive 
I] It pinches out 
or shales out at the top of the structure 
although it is well developed on the 
flanks. The upp ind lower westert 
are pressure connected: however. there 
is a product o sure or perme ibil 


orthwest portion of 


itv barrier ir 
the pool whicl ccounts for the classi 
To the 
east. the 21-1 zone merges with the 


l pper Wester i! 


Data in this area indi 


fication of the Western 29 zone 
d the shale between 
them disappears 
cate the sands become increasingly les- 
permeable to the east 

Structural closure of the Main West 
ern zone on ft western nose of the 
field is about 1] acres with dips of 
16° as compared te 6° on the flanks 
North 
Coles Levee Field is the existence of 


tilted water table which takes the shape 


An interesting ire of the 


of an inverted iuce dish. Such is not 
uncommon in other similar fields such 
as. for example. South Coles Levee. and 
mav be a function of the variations in 
permeability and the lensing in and out 
of the sands There is no evidence for 
a water drive. probably because of the 
low permeability on the flanks 

There are 140 producing well- 
in the field. The primary spacing was 
one well to 40 acres. is now one to 20 
Twenty-two wells remain to be drilled 
The cost of drilling a well is estimated 
at about $125.000-$140.000 which is 
no more than it cost to drill a well in 
1944. due largely to the improvement 
in drilling techniques 

The original drilling program called 
for cementing 13° .-in. surface string 
ind $5<-in. water string and a 6°<-in 
liner. Now the practice is to use 1154 
in. casing for the 


dad 5! 


rface string 1 7-in 
Sor 5 n. liner 


water string ‘ 
or a 7-in. combination -tring is used 
without a liner. The latter method is the 
more comme pecially 
ables the cementing of 5 


-leeves to 
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clearly the 


a4 
, > 
> ie 
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e. Richfleld Oil Co, 
ement blank liners and gun perforate 


attempted le 
for production. This method, however 
resulted in poor productivity of the 
sands and is no longer employed. An 
nvolved practice is now used in ordet 
to provide for sleeving off points of gas 
itr \n Amerada temperature bomb 
sen plor ed in order to determine where 
to set blank sleeves. The bomb reveal- 
temporature anomalies at 
the oil-gas contact, thus establishing the 
nterval to be sleeved. The technique 
of sleeving is as follows: (1) Kill the 
sell with oil base mud: (2) change to 
low-water loss clay base mud; (3) the 
interval to be sleeved is washed; (4) 
the cement is started down the hole; 
(5) oil base mud is used to prevent the 
cement from dropping below a certain 
pres ribed point; (6) rubber plugs are 
used to control the movement of the 
cement and (7) the cement must be 
displaced in the annulus at a rate three 
to five times the rate at which the swab 
hing tool is removed up the hole. 

The last item above is the most im 
portant operation in sleeving and is 
the “secret of their success” so to speak 
After testing the sleeves to a differen 
tial pressure of 3.500 psi. cement is 
cleaned out so that only a 10-ft.> ce 
ment bridge is left. Fhe sleeve is set 
with a packer on top of the cement 

and cemented in place through 

ne The hole Is then cleaned out 
i} base mud is displaced with oil 
ing the latter fluid behind — the 
ke The are 5 ar 5} in 


de \ soft steel whieh can be drilled 


~leeve- 


ecessary 
ne the first four vears of the 
life conventional — production 


vere emploved well 
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flowed naturally by means of the liquid 
bubble 
poimt also 
included shutting in of high GOR wells 
During this 


expansion of the oil dewn to 


pressure. These practices 


time rapid pressure de 


elines were. of course, encountered in 
the reservoir. 


After the Main 
delineated by 


Western 
drilling of 


pool had 


been addi 


tional wells. thought was given to in 


stituting a pressure maintenance pro 


gram. After considerable study of suc 
cessful applic ations of pressure mainte 
Mid-Continent 
cally the Gulf Coast area). it was con 
cluded that such 

economical at the 


nance in the (specifi 


a program would be 
North Coles 


Field. The producing pressure was main- 


Levee 


tained for all wells at a point above 


olution pressure (i.e.. 2.550 psi) and 
this is felt to be one of the main con 
tributing factors to the success of the 
been 
January. 1942 
from. its 3.600 HP 
and 31,000 Mef, D to its present eapac- 
ity of 8,640 HP and 73,000 Mef/D. The 


plant currently handles 60.000 Mef ‘D 


project. The plant capacity has 


enl irged twice since 


initial capacity of 


Significant illustrations of the proj 
ets success are 


mm the 


that only six wells are 
pump (thus eliminating consid 
erable capital outlay for the purchase 
f large pumping 
plunger lift: 


10 are on a 
that the total lifting cost 
including taxes and 
35-40 cents and that dur 
the production 
17.000 


units), 
per barrel insur 
ince are only 
ing the past five vears 
constant at 


rate has remained 


BD oil. 


Richfield has concluded to date (after 


nine vears of pressure maintenance) 


that the ultimate recovery will be at 


least twice that which could have been 
normal 


inticipated = fron 


of the 


exploitation 
reservoir by natural depletion 
The additional gas swept from the res- 
erveir has more than paid for the proj 
ect. especially in view of the substan- 
tial increase it 


Mef since the 


the value of the gas per 
project) Was initiated 
In addition. it was stressed that other 
factors aided materially the 
of the 
Karly 
pressure 


(2) the 


SUCCESS 
Some of these were (1) 
he fore 
declined to the 


project 
the reservoir 
bubble 


strict production control wl 


was injpectior 


point 
has been in effect eliminating t 
sinks: (3 


operator (4 


mation of pressure 
ontrol by one 
bility (or 

} 


pe rmissible 


ff the low perme. 
r€ it has bee 
range of p eduction rates 


Wiile 


we Il te prod Tt 


fo permit eac! 
optimum rate: (5 he reservoi 


large closure with no faulting 
there was available a large 


tke-up gas 
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INCOMING CHAIRMAN GEORGE R. GRAY, right, took over the leadership 


of the Gulf Coast Section from 


\. W. Waddill, left, 1951 chairman, at the Janu- 


ary meeting. Manager of the Gulf Coast Laboratory of Baroid Sales Division, 
National Lead Co., Gray will hold the reins as Gulf Coast members act as hosts 
for the 1952 Petroleum Branch Fall Meeting in Houston, Tex., next October. 


SW Texas Section Wins Membership Drive 


The Southwest Texas Section has 


been adjudged the winner of the 1951 
membership drive 
Decem 


applic a 


Petroleum Branch 


conducted September through 
ber. The section obtained 37 
tions for the grades of member, asso 


ciate member and junior member dur 
ing the four month drive Its percentage 
increase over its 288 membership wa- 


12.8. 


CHESTER L. WHELESS, right, mem 
bership chairman of the Southwest 
exas Section, receives the congratu- 
lations of Section Chairman Harry 
Vaughan after being selected to make 
the all-expense-paid trip to the An 
nual Meeting in New York 
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\ close runner up Was the Rast Texa- 


» 


Section which garnered 22 new appli 


cations for the above grades and a 12.2 
per cent increase over its 180 member 
stated 


receiving the greatest 


roster The contest rules 


that the 


ship 
section 
percentage increase in membership dur 
would win the contest 


ng the drive 


The winning section was awarded an 
ill-expense-paid trip for one of its mem 
bers to the Annual Meeting in New 
York City held this month 

Chosen to receive the award was 
Chester L. Wheless of the La Gloria 
Corp. in Christi. Tex. He is 
Membership Chairman of the South 
Texas Section. Wheless’s award in 


Corpus 


west 
cluded air transportation to and from 
Ne Ww York 


penses, an 


from his home. hotel ex 


allowance for meals and 
complimentary registration at the meet 
ng. He complimentary 
tickets to the Annual Banquet. Weleom 
Luncheon and Stag Smoker 
total of 192 new applications were 
ived in ill 


he Branch 


also received 


sections and chapter- 
The number of new ap 
itions received by the various see 
Delta Section. 14: East 
22: Gulf Coast Section 

Mid-Continent 


Texas Section. 21 


follows 
is Section 
Kansas 


n. 10 


Section 
North 
thoma City 


Section 14 


Section. LO: Permian 


Southwest Texa~ 
32: Hlineis Basin Chapter. 5 
Petroleum 


Petroleum Chapter. 26 


Chapter. 5: and 
xx*re 


February, 1952 





Professional Services 
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It takes 


BOTH CURVES 


to get the 
full story, 


It's good to have someone help you find the street 
address you want: it helps a lot more. particularly 
in a big building, when someone can tell you what 
floor and what room to go to. Put the two together. 
and you know right where to go. 

That's Lane-Wells Radioactivity Well Logging — 
the Gamma Ray to locate and define the formations 
for you; the Neutron Curve (which responds pre- 
dominantly to the amount of fluid) to put the finger 
on just those sections which are worthwhile test- 

ing. Both together, they're an 
unbeatable combination for 
giving you a complete building 
plan for all future work. 





Tomb vd jute Tedley! 





General Offices, Export Office 
and Plant + 5610 So. Soto St. 
Los Angeles 58, California 


— tos Angeles + Houston + Oklahoma City 
Lane-Wells Canadian Co. in Canada 
i” Petro-Tech Service Co. in Venezuela 
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DISCUSSION OF THIS AND ALL FOLLOWING TECHNICAL PAPERS IS INVITED 
Discussion in writing (3 copies) may be sent to the Editor, Journal of Petroleum Technology, 408 Trinity Universal Bldg., 
Dallas 1, Texas, and will be considered for publication in the Transactions volume Petroleum Development and Technology. 
Discussion will close December 31, 1952. Any discussion offered thereafter should be in the form of a new paper. 











A METHOD FOR PREDICTING THE TENDENCY OF OIL 
FIELD WATERS TO DEPOSIT CALCIUM SULFATE 


HENRY A. STIFF, JR., MEMBER AIME, AND LAWRENCE E. DAVIS, THE ATLANTIC REFINING CO., DALLAS, TEX. 


ABSTRACT formation of a precipitate. The solubility diagram is a graphic 

device for determining the location of such points, thereby 

\ graphic method was developed which can be used making possible a prediction of the tendency of such a system 
predict the tendency of oil field waters'to precipitate calcium ‘0 deposit sulfate seale. A similar diagram can be used to 


sulfate under a variety of conditions. Application of this Selve many other problems involving the precipitation of cal- 


method is made to the prediction of sulfate scale formation i cium sulfate. 
heater treaters. boilers. oil wells. cooling systems and water Fig shows a solubility diagram representing the mixing 
injection wells of two waters. Water “A” contains a high concentration of 
sodium, magnesium, and sulfate ions together with a small 
imount of calcium. Water “B” contains a high concentration 
INTRODUCTION of calcium ions together with sodium, magnesium and a small 
amount of sulfate ions. The percentage mixture of these waters 
A solution may be said to be in equilibrium with respect — is plotted along the abscissa of a system of rectangular coordi- 
to a given salt when the concentration of that salt is equal 
to its solubility. If for any reason the concentration of the 
salt is increased or its solubility decreased, the equilibriun 





is upset and precipitation of the salt takes place. Thus, if the 
SOg Concentration 
concentration of a salt in a particular solution is known and 
its solubility can be calculated for a given set of conditior 
the tendency of this salt to form a precipitate under thes 
conditions can be predicted. Based on these principles a 
method has been developed for determining the tendency of 
oil field waters to form calcium sulfate precipitates 


various conditions. ieevae: “Gieusanetion 


(Meq /iiter) 


THE SOLUBILITY DIAGRAM 


Mg Concentration 

. ' iit 

Calcium sulfate precipitation most frequently occurs whe Solubility Curve 
am — Concentration 


Ca Concentration 





two waters are mixed; one containing calcium ions, and 
other sulfate ions. As one of these waters is added to thy as itidinie daa % or 





30 40 50 60 70 80 90 100 


other a point may be reached where the concentration of « 
; ; , te 70 60 50 40 30 20 10 0 
cium sulfate is greater than its solubility. thus causing 


Manuscript received in the office of the Petroleum Branch June 
Paper presented at the Fall Meeting of the Petroleum Branch ir 
homa City, Okla., Oct 5 151 
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FIG. 1 — SOLUBILITY DIAGRAM, CALCIUM SULFATE DEPOSIT FORMA 
TION WHEN TWO WATERS ARE MIXED 





T.P. 3278 A METHOD FOR PREDICTING THE TENDENCY OF OIL FIELD WATERS 
TO DEPOSIT CALCIUM SULFATE 


ainieneaiinatineaceeena nannies odium ion facto vw the selubilitv. of caleium 


of sedium ion. as shown in 


factor, or the solubility of calcium 
sulfate in th ence of magnesium ion, as in Fig. 5 
When the solubility of calcium sulfate at several points has 
heen caleulated solubility curve can be plotted as shown 
n Fig. | len t percel ve mixtures of the two waters 
where the concentration ‘ he solubility, as shown in 
the shaded areas. precip on of calcium sulfate will take 
pl ice 
Precipitation of lcium sulfate can be caused by evapora 
tion of the solvent to the point where the concentration of 
the salt exceeds its solubility. This case can be treated by the 
diagram shown in Fig. 6. The ionic content of the water under 
consideratior otted along the ordinate at one extreme of 


FIG. 2—SOLUBILITY OF CALCIUM SULFATE IN DISTILLED Water aT ‘le abscissa. 1 issa itself is then marked off in pet 
VARIOUS TEMPERATURES (S centage 
enient percenta olume concentration (50 per cent or 75 


volut concentration of the solvent. At some con 


per cent) the ionic content is recalculated and_ plotted. 

Straight lis connecting the points representing the indi 

vidual ions are then dr 1 as before. The calcium sulfate 

ites, while the concentration of the individual ions (in meq concentration and solubility curves can then be plotted and 
per liter) is shown on the ordinate. The analysis of water “A” ; 
plotted at 100 per cent “A.” while the analysis of “B” ap 


the areas re tion shaded 


- ‘ Decreases in solubility brought about by changes in tem 
pears at 100 per cent “B.” Straight lines connecting the points F ve 
perature can be handled by the solubility diagram shown in 

representing the same ion then give the concentration of this a ; a 
Fig. 7. Temperatur id off along the abscissa. lonic con 
on at any percentage mixture of the two waters. The concen , 
centrations ¢ rlotte on ordinates intersecting at the 

tration of calcium sulfate is limited up te a certain point by : : lied. TI ee 
xtremes otf mperature being studied. le points represent 

the amount of calcium pre-ent Above this point the amount . I I 
ing the sam ms are n 1 as before, the concentration 


of sulfate becomes the limiting factor. Thus the concentration a ; 
and selul curves rawn ind the areas yrecipitation 
of calcium sulfate at any percentage mixture of the two waters ind . . . ot preci « 
shaded 
can be determined 


The solubility of calcium sulfate at any point is determined EXPERIMENTAL PROCEDURE 
from the equation Pat eee 2 5 
Ss Six FPF, xF.x i = ; i s of 


calcium sulfate solubility formula was 
preliminary experiments which led 
solubility of calcium sulfate in oil 
The solubilitv of caletum sulfate under a given set of SG eee the 1 range from 6.0 to 8.0 can be closely 
conditions pproximated by consideration of the four factors shown 
Ihe solubility of caleium sulfate in distilled water at ind further that ese factors seem to function independently 
the temperature 7. as shown in Fig. 2 ‘ ch ot ita from which graphs were originally 
The common ion factor, or the solubility of calciun International Critical Tables 
sulfate in the presence of an excess of calcium or sul of solubility diagrams were pre 


fate ton, as given in Fig 





i 











Ca or SO, E Meg 


FIG. 3 — THE COMMON ION FACTOR, OR THE SOLUBILITY OF CALCIUM. sole ela aalicaia ea a ais 
SULFATE IN THE PRESENCE OF AN EXCESS OF CALCIUM oR sutFaTeE FIG: 4— THE SODIUM 1ON FACTOR, O E SOLUBIL 
1ON 

Solubility of CaSO, in presence of common ion 


SULFATE IN THE PRESENCE OF SODIUM ION 
Solubility of CaSO, in presence of Na+ 
CaSO, in distilled water 


Solubility of CaSO, in distilled water 
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CONCENTRATION 


FIG. 5— THE MAGNESIUM ION FACTOR, OR THE SOLUBILITY OF CAL 
CIUM SULFATE IN THE PRESENCE OF MAGNESIUM ION 


Solubility of CaSO, in presence of Mg + 


Solubility of CaSO, in distilled water 


pared similar to Fig. 1. in which one water contained cal 
ion and the other sulfate. One of the other ions (sodium 
nesium and either calcium or sulfate) was made to vary 
each series while the rest were held constant. Actual sampk 
of the waters represented were then made up and mixed 
various proportions. After equilibrium had been reached 
a given temperature. the precipitated calcium sulfate was 
tered off. ignited and weighed. On the basis of these data 
new solubility curve was plotted and the curve for the corre 
sponding factor corrected. The final curves were verified | 
mixing both prepared solutions and actual oil field wate 
Data from these experiments also confirmed our conclusior 
that the factors affecting the solubility of caleitum sulfate 


mutually independent 


APPLICATION 


The solubility diagram allows a prediction of the tender 


fa water to form deposits of calcium sulfate under a giver 


set of conditions. A few applications of this system are show! 


Scale Deposits in Heater Treaters, Boilers, Etc. 


Calcium sulfate scale may be deposited in heater treater 
boilers, ete.. because the increase in temperature brings aby 


a decrease in the solubility of the salt. The tendency 


particular water to deposit this type of scale can be show: 


by a solubility diagram such as is given in Fig. 7. The i 
section of the solubility and the concentration curves indicate 


the point at which calcium sulfate will begin to precipitate 


Scale Formation Due to Casing Leaks 


If the analyses of the formation water and that of the 
from which the extraneous water is coming are available 
solubility diagram of the type shown in Fig. 1 can be 
structed to show s« aling tendencies. Conversely. the format 


of calcium sulfate seale in excessive amounts in a well 
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ndicate a casing leak. provided such scale can be shown to 
form as the result of the mixture of the formation water with 


water trom an extraneous source 


Recirculating Cooling Water Systems 

In some cases it may become necessary to use water con- 
taining considerable amounts of dissolved salts for cooling 
purposes in recirculating systems. In one such system watet 
flows through heat exchange equipment where it is raised to 
i certain temperature. It is then passed through a spray pond 
or cooling tower in order to dissipate the heat. This water in 
passing through the tower is concentrated to a certain extent 
By the use of a solubility diagram of the 
type shown in Fig. 6 the concentration at which calcium 
sulfate calculated. 

In the construction of such a diagram it should be remem- 
bered that the calculations are made at the temperature of 
rather than at the temperature of the 


due to evaporation 


precipitates out can he 


the heat exchanger 


spray pond 


Water Injection 


Water injection problems are handled by diagrams similar 
to that shown in Fig. 1. In this case the graph may be con- 
sidered as a cross section of the formation itself. Water “B” 
is being injected into a formation containing water “A.” Along 
the length of the capillaries various percentage mixtures of 
the two waters will occur. If a deposit forms in any of these 
mixtures there will be considerable danger of plugging the 
capillaries with subsequent decrease in the permeability of 
the formation. Thus the solubility diagram can be used to 


f 


forecast any tendency of two waters to form precipitates at 


inv percentage mixture 


CONCLUSIONS 


\ method is presented by which the tendency of an oil field 
water to form calcium sulfate scale can be predicted from its 
inalysis. Several applications of the method to the solution 


of typical production problems are given. 
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FIG. 6— SOLUBILITY DIAGRAM, CALCIUM SULFATE DEPOSIT FORMA 
TION WHEN SOLUTION IS CONCENTRATED 
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FIG. 7 — SOLUBILITY DIAGRAM, CALCIUM SULFATE DEPOSIT FORMA- 
TION WITH CHANGE IN TEMPERATURE 
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DISCUSSION 


By J.D Ponca City, Okla 


Sudbury, Continental Oil Co 


The authors are to be congratulated on their presentation 
of this timely paper. Its greatest importance lies in the pre 
diction of the chemical compatibility of a water being injected 
different Such 


water =Vstems- 


Hood 


into a formation containing a 


include water injection svstems for water projects and 


for disposal 

The prediction tool as described is purely mechanical and 
is quite simple to use, provided reliable analyses of the waters 
in question are available. Proof that the various factors affect 


ing the solubility of calcium sulfate are mutually independent 


is very significant. This allows the determination of the variou- 


factors individually in the laboratory as they have done for 


the common ion effect. sodium effect. and magnesium effect 


By determining curves for only these three factors. it is 


feared that the authors have oversimplified the complex nature 
field 
potassium, and lithium have also been found in most of the 


of many oil brines. For example. strontium, barium 


analyzed. Strontium has been found 


2 200 


waters which we have 


in quantities as high as ppm, barium up te 500 ppm 
potassium up to 1.400 ppm. and lithium up te 109 ppm. In 
many cases, the strontium and barium contents are about a 
The solubilities 


500.000 and 


great as the magnesium content of the water 
sulfate are 1 
Thus. in 


strontium 
sulfate 


of barium sulfate and 
1/200 that of 
concentrations of barium and strontium are 
their 


calcium many where 


cases 
appreciable, we 
sulfates before 


would expect te get) precipitation of 
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getting any calcium sultate deposition. Cases have been found 


salts of barium or 
in sufficient 


where the deposition products are largely 


strontium. Even if they are not present concen- 


tration to be 
-hould be 


precipitated ahead of calcium sulfate, factors 
determined for all of these ions in the same manner 
ind magnesium. To illustrate the 


factor for 2.200 


as was done fe h odium 
importance of this: the ppm strontium (49 


meq per liter) is 1.35, and the factor for 1,400 ppm potassium 


(34 meq per liter) is 1.15: neglecting these factors would 
result in errors of 26 and 13 per cent in a calculated calcium 
sulfate solubility. These that 


follows the curve and potassium fol- 


calculations assume strontium 
for magnesium (Fig. 5} 


(Fig. 4) 


which should be 


curve tor sodium 
Another 
pH on the 


calcium sultate 


lows the 
factor determined is the effect of 
solubility of the calcium sulfate. The solubility of 
increases considerably with a decrease in pH. 
This effect is especially pronounced at temperatures near the 
boiling point of water. The pH’s of oil field brines have been 
range from three to nine. The presence 


organic fatty acids especially affect the pH 


found to vary in the 
of acid gases and 


that the 


ignesium were determined at one temperature 


It should be curves for 


~odium 


pointed out correction 
ind 1! 
at this temperature unless 


ind can be ac ised only 


it is proved that the nperature effect is negligible. The only 
sulfate data at 
hydrochloric ammonium 


three the correction 


readily available « chum solubility various 


sulfate, 
factor 


temperatures acid, 


ind sucrose owey for these 


markedly 
work of the authors showed all the factors affect- 
| 


ing solubility be mutually independent. it should be rela 


curves vary with temperature. 


Since the 


this paper by determining these addi- 
This 


pre dic tion 


tively sin ple 


tional correction ctors would greatly broaden the 


ipplicability method. 

We have | siderably more trouble due to the deposi- 
tion of calcium onate than For this 
to ask the authors if they plan to extend 


of calcium sulfate. 
reason | wo 
this method to 


More 


various elor il ting 


solubility of calcium carbonate? 
whether or not the 


of the 
determined 


the solubility 


specific they 
of calcium carbonate 
for caleium sulfate? 


=~ was the case 


AUTHORS’ REPLY TO MR. SUDBURY 


reviewer for his interesting 
this 
deal of thought to the matter of simplifi- 


ire probably cases where our 


The authors wis to thank the 


and comprehe ission of paper. We have, of 


course, given 
cation and that there 
ippre versimplified 
The object of this study was to devise a workable technique 
predicting sulfate Our 


difficult problem was to determine the extent to which we 


the formation of calcium seale. 


ify the method. If too many factors are required. 


of a problem would be too complex for practical 


, few factors are taken into account accuracy would 
d. We believe we 

the majority of cases the method will give good 
however. the factors pointed out 


have reached a satisfactory com- 
ome nstances 
suld. no doubt. be given more consideration. 
were limited to brines within the pH range of 
We are sorry that this fact was inadvertently 
preprint furnished the reviewer. 

lappy to announce that they also have a 
formation of calcium carbonate 
be available in the near future 
* * aa 


icting the 


iper to 
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ABSTRACT it which gas first flowed continuously as a displacing phase. 

Recent laboratory relative permeability studies’*’ have dem- 

Flow tests on small core plugs have indicated that a large onstrated that the flow characteristies are very different in 
amount of gas is trapped and not recovered by water flooding gas-liquid systems. depending on whether gas is displacing 
a gas sand. Instead of 1 to 15 per cent pore space. as is or being displaced by. a liquid. Also, it has been shown that 
usually assumed. the residual gas saturation is 15 to 50 pe there is no difference between the flow characteristics of oil 
cent pore space, and is thus of the same magnitude as residua ind water or gas and water in water wet porous rocks. The 
oil after water flooding oil sands. residual gas saturation that can be expected following water 
\ thorough investigation was made to ascertain that large flooding of a gas reservoir then would be in the same range 
amounts of residual gas actually remain in reservoirs after is the residual oil saturation normally expected after water 


water flood and that this condition is not merely a laborat flooding an oil reservoir, i.e., in the range of 15 to 50 per cent 


phenomenon. In field experiments, the amount of gas left pore space, depending on the rock characteristics. 
a watered-out gas sand was measured by use of a pressure Obviously, such a difference in residual gas saturation means 
core barrel and the residual gas saturation of two watered-out very important differences in recoverable gas reserves from 
gas sands was determined by electric log evaluation. lr ( water drive reservoirs. For example. if the original gas satu 
laboratory. an investigation was made of factors that could ration in a field were 70 per cent, and the residual gas fol 
possibly cause the value of residual gas saturation as measure lowing flooding were 35 per cent, only half of the gas in place 
on small core plugs to differ from that in the reservoir } could be recovered by complete water drive, compared to the 
the effect of these factors on the amount of residual gas satu previously expected 80 to 95 per cent. This is a situation in 
ration was studied. The factors studied include flooding rat which complete pressure maintenance could result in’ very 
static pressure, temperature, sample size and saturation cond greatly reduced recovery, since straight pressure depletion 
tions before flooding. All evidence established that a rela recoveries from gas reservoirs can approach 80 to 90° pet 
tively high gas saturation is trapped in water flooded ga cent. Such a change in thinking must be based on more com 
sands and that this residual gas saturation can be measured — plete information than a series of small core tests. Hence 
in the laboratory by tests on small core plugs. the work reported herein was undertaken with the objective 
of determining whether or not residual gas saturations indi- 
cated from small core relative permeability tests at atmos 
— cen . pheric pressure and room temperature are representative of 
INTRODUC MON the residual gas saturations which could be expected after 
water flood of natural reservoirs. A study was made _ both 


There has been general agreement among engineers through laboratory and fields tests to determine any differences 
very high recovery of gas could be obtained from nat in residual saturation which might be occasioned by differ- 


reservoirs by water displacement. Gas recoveries of 80 to 9 ences in pressure, temperature, rate of flooding, and original 
per cent of the original gas in place have become the normal — atyration conditions 
*xpectation in water drive fields. The assumption of hig! ; . 
ex] I Four separate types of laboratory experiments and two field 
recovery has been based on: Haan “e 
measurements were made in this investigation. The apparatus 
1. low density and viscosity of gas compared with water ind testing methods of each will be discussed individually. 


2. the erroneous assumption that the flow relationships 


gas-liquid system where gas is the displaced phase will be 


the same as when it is the displacing phase. mn > grereeee nanan pee 

he ea ¢ ais} I LABORATORY EXPERIMENTS, APPARATUS 
It has long been recognized that gas can flow at very low AND PROCEDURE 

gas saturations (in the range of 1 to 15 per cent pore space 

in systems where liquid is being displaced by gas. By assun : : 

ing the reversibility of this process, the conclusion was reached Relative Permeability rests 

that the residual gas saturation following water flooding of 

gas reservoir would be the same (1 to 15 per cent) as that Steady state flow experiments were conducted using the 

- Penn State type apparatus. The equipment used has bee: 
References given at end of paps lescribed in a previous publication.’ “Irreducible” water satu 
Manuscript received in the office of the Petroleum Branch Sey ration s established in the core by imposing a capillary 

Paper presented at the Fall Meeting of the Petroleum Branct » 

homa City, Okla., Oct 5, 1951 
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15 psi before simultaneous flow of air and water 
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the two-in. diameter column and copper ring electrodes placed 


7 , at two-in. intervals along its length. This entire assembly was 
sealed in a Lucite plastic sheath 


The core column was placed vertically in a constant tem- 
perature (80 k cabinet. The core was completely saturated 
with brine and then allowed to drain to capillary equilibrium, 
at which time only the lower one-half foot remained fully 
water saturated. Above this, the water saturation covered the 


range from 100 to 30 per cent pore space. 





After water drainage stopped the top of the core was pres- 
BEAKER—®> TEST sured with 96 psig nitrogen pressure and water injection was 
SAMPLE started. A pump was used to inject water into the bottom of 
the core at constant rates. Several injection rates were used 
until flood-out. After flood-out, testing continued with alternate 
WATER LEVEL— KLEENEX periods during which water was injected and periods during 


which no water was supplied to the core 











is SANDSTONE: DISK == Gas Displacement from Dry Core Plugs 
—_ By Water Imbibition 

















Cleaned drv core pl igs of the type usually used for core 


i analysis were placed so that one end contacted a source of 
SUPPORTS in Fig. 1. Weight measurements were made 


water. as shown 





it time intervals as the core imbibed water. Residual gas satu 
FIG. 1 — SCHEMATIC DIAGRAM OF WATER IMBIBITION TEST ration was determined as the break in the curve of average 
water saturation vs the imbibition time. 


FIELD EXPERIMENTS, APPARATUS AND 
was started. The air and water were injected so that each PROCEDURE 
succeeding equilibrium run had a higher water gas ratio 


Saturations were determined by electrical conductivity and Physical Measurement of Gas Saturation 
a eee in a Watered-Out Gas Sand 


’ ; , : " . Phe Carter Oil Coos pressure core barrel was used in meas- 
Gas Displacement by Water in One-Foot Cores uring the gas saturation in cores cut from a watered-out gas 
Nellie Bly sandstone cores were used in this study. Cylin sand. Operatior and design features of the pressure core bar 
drical cores. one and one-half in. in diameter and approxi rel have been adequately described in other publications. 
mately one ft long were cut parallel to the bedding plane- 

Copper wire rings were placed at intervals along the length of 

the core and brass screen wires were placed against each end 

of the cores. Cores used in tests conducted at room tempera 

ture were encased in Lucite plastic sheaths. whereas these NELLIE BLY SANDSTONE 
used for tests at 250°F were sealed in either phenol formalde | Permeobility: 590 md 

hyde plastic or 3-M rubber sealing compound | Porosity: 265 % 





The cores were completely saturated with water, and then 


% 


gas was injected into each end alternately to remove all but 
a near “irreducible” water saturation. After this. a desired 
gas pressure was established under a suitable back pressure 
and the cores were placed in a vertical position in a constant 
temperature bath. Flood water was supplied to the bottom of 
the cores in two ways. In those tests which were conducted 
at atmospheric pressure, water was injected at constant rates 
utilizing positive displacement pumps. In other tests, in which 
the gas pressure Was 5.000 psi. a leveling bottle supplied the 


flood water under a head of a few inches of water 


RELATIVE PERMEABILITY, 





Electrical conductivity measurements were made during the 


flooding operations. These values were converted to water 


| 
| 
| 


saturations by means of an appropriate calibration curve 
After flood-out. several pore volumes of water were passed RESIDUAL 
GAS SATURATION 


through the cores 323% 
+. ° 
: 50 25 





x ———EEEE 


Water Flood of a Simulated Gas Reservoir Cc 
GAS SATURATION, % PORE SPACE 
\ 1l6-ft column of Porpedo sandstone was made by butting 
together two cores which were cut parallel to the bedding 4g 2 _ RELATIVE PERMEABILITY FOR DISPLACEMENT OF GAS BY 


planes, Bronze screen wire was placed across both ends of WATER IN NELLIE BLY SANDSTONE 
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RESIDUAL GAS 287% 








T 
CONNATE WATER 290% 


AVERAGE GAS SATURATION, % PORE SPACE 








240 


60 
PUMPING TIME, HOURS 


FIG. 3 — SATURATION HISTORY OF SLOW FLOOD (THEORETICAL RATE 
OF WATER RISE OF APPROXIMATELY ONE IN. PER DAY), NELLIE BLY 
SANDSTONE 


rhe tool affords a means of coring subsurface strata 
trieving the cores at the surface under the same pressure 
in the ground. Facilities are provided for makir 
physical measurements on the core and the fluids it conta 
$.500-ft gas sand of the We 


was cored with the pressure core bart 


existed 


The entire section of the 
Beaumont Field, Tex.. 
in four- and five-ft intervals. After pulling each core, all 
essary measurements on the contents of the barrel were n 
In addition to the physical measurement of gas saturatior 
were run and the 


the recovered cores, electrical logs 


saturation of the cored section calculated using the 


t 


residual gas saturation of a partially water 


Field Lo 


methods.” The 
out reservoir, Siphonina Davisi sand. Lakeside 
ana. was calculated using electric log data 

Results of each of the four laboratory tests and the two 
studies are discussed separately below 


RESULTS AND DISCUSSION OF LABORATORY 
STUDIES 


Relative Permeability Tests 


The flow 
on small core plugs simulates conditions of saturation char 


sequence in gas-water relative permeability 


that occur in gas sands that are undergoing a water flood 
Provided there are no effects present in reservoirs whict 
not present in laboratory tests, the value of residual gas shou 
be the same for a specific piece of rock regardless of its lo 
tion. Residual gas referred to herein is the saturation at wl 
gas ceases to be recoverable by water displacement 
Gas-water steady state relative permeability characte 
istics for a sample of the Nellie Bly sandstone are giver 
Fig. 2. Maximum water saturation attained on this core p! 
was 67.7 per cent at flood out. This is equivalent to a resid 
gas saturation of 32.3 per cent pore space and will be 
flood tests cor 


pared to results of other laborators 


under simulated re-ervoir conditions 
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| 
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RESIDUAL GAS 31.7% 











AVERAGE GAS SATURATION, % PORE SPACE 





4 
PUMPING TIME, HOURS 


FIG. 4— SATURATION HISTORY OF FAST FLOOD (THEORETICAL RATE 
OF WATER R'SE OF APPROXIMATELY 54 IN. PER DAY), NELLIE BLY 
SANDSTONE 


Gas Displacement by Water in a One-Foot Core 


The purpose of these tests was to evaluate the effect on 


lual gas saturation of: (a) rate of water advance, (b) 


static pressure, and (c) temperature. 


\ summary of results of the flood tests and relative perme 


ibil tv test on a small core pli vy is given m Table l. Agree- 


ment between all tests on order of magnitude of residual gas 


ituration after water flooding is good considering that sev- 
eral different cores of the same porous material were used in 
e studic There is 


of results 


small apparent effect of rate from a 
of tests conducted on the same core with 
rate. This will be dis 


ompartson 


ill conditions being the same except 


ssed further under a more thorough evaluation of each fac 


wr studied 


Effect of Rate of Water Advance 


loods in which the rates of water 
are shown in Figs. 3 and 4. 


< of the two 
| and 54 in 


In both floods 


per day 
constant rate of average satura 
vecurred until flood-out. then no change occurred 


ied water injection 


was used in these tests. yet the lower floodine 


me core 
ilted in a three per cent pore space lower residual 
ituration. This difference can partly, but not entirely. 


ittributed to experimental It is recognized that 


wecuracy 


Fable | Vertical Flooding of Gas by Water 


Nellie Bly Sandstone 


Summary of Results 
Residual Gas 
Saturation 
atic , Per Cent 
psig Pore Space 
Atmospheric ; 32.3 
Atmosphe re 28.7 
Atmospheric 31.7 
5.000 psi 32.8 
33 - 36.5 
(Three Cores) 
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GAS SATURATION, % PORE SPACE 


FIG. 5— SATURATION PROFILES DURING SLOW FLOOD, NELLIE BLY 
SANDSTONE 


gas displacement by water does not result in a stable system. 
Trapped gas bubbles tend to leave the system by diffusion in 
equilibrium. A 


thermodynamic portion of 


order to establish 
the difference in residual gas saturation on the two tests in 
question can be considered a result of diffusion. The impor 
tant question arises from this as to what the rate of diffusion 
conditions 


would be in terms of saturation units at reservoir 


of temperature and pressure. Gilliland’ has developed from 
the kinetic theory of gases an expression for diffusivity which 
this it 
and 


») 


permits a reasonable evaluation of the problem. From 
of 250°F 


was determined that for reservoir conditions 
5.000 psi, the change in gas saturation by diffusion is 
of the 80°F and atmospheric Therefore 
three per cent that 
one-ft core by diffusion during the laboratory tests at a rate 


32 


rate al pressure 


pore space gas was removed from the 
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of water advance of one ft in ten davs would. in the reservoir. 


necessitate a rate of one ft in approximately six years. This 
rate is much less than usually occurs in producing reservoirs 
that diffusion could the 


results of laboratory tests at low pressures but is of little im 


therefore, it gas influence 


appears 


recovery of gas from reservoirs 


portance in the 


Following the fast rate flood, the core was left in contact 


with a source of water for 21 days, with no significant change 
in saturation taking place. This is attributed to an extremely 
low gas diffusion rate which resulted from the length of dif 
average path was one-half the 
During the slow flood 
diffusion 


order of sand grain diameters in 
flood front 


fusion path. In this case, the 
or approximately six mn 


faster, 


core length 


diffusion of gas was appreciably since gas 
paths were small in the 
zone or 
floods 


ion distribution during the flooding pe 


the saturation transition 


The data of the show interesting results when 
analyzing the 
Figs. 5 and 6 show saturation profiles during the slow 
fast floods 


the slow flood the entire core saturation progressively changed 


two 
saturat 
rieds 


and respectively. It is significant to note that in 


while in the fast flood a typical flood front moved up the core 


If only capillary (imbibition) forces are available to move 


water into the core, the profiles would assume a shape equiva 


lent to the pressure curve of the system. In 
that the total 


flood-out conditions 


static ¢ apill iry 


the slow flood the profile Is elongated such 


range of saturations between initial and 


covers i greater than the length of the core. In the fast 


flood the flood front 


ot saturation 


Ss compressed to such a degree that the 
exists the 
profiles of the two floods under dis 


entire range within the core. Thus, 


shapes of the saturatior 


cussion indicate that the low rate flood operated at a rate less 


the imbibition rate and the other test at greater than 


rate 


than 
imbibition 

It is concluded from the above discussion, that at reservoir 
ind pressure and reasonable flood 


flood 


conditions of temperature 


effect of rate on the efficiency of gas 


water 


1 h] 
| ble 


rates, the 


displac ement is ne 


Effects of Static Pressure 


Flood history experiment in which methane at 5,000 
! 


psi static p u is displaced by water is shown in Fig. 7 


The 


lary { bon 


driving force on the water in this experiment was capil 
w inches of water head. This produced 
At flood-out the 


32.8 per cent pore space 


a declining rate of water advance in the core. 


average residual saturation was 


ind was not chan flowing enough water to replace the 


water in the core nore than three times. 


As in the pre 
maintined at 8 The 


measured und 


floods. the temperature of this test was 
residual gas saturation 


this test 


value of 


conditions of agree with 


er pres 
I i 


those measured at spheric pressure 


Effects of Temperature and Pressure 


Floods were at 5.000 static pressure and 


250°F to simulate high 
has indicated that in certain systems a 


performed 


psi 


gas reservoir 


pressure conditions 


Recent research wet 
tabilitv change takes pl ice 
rence could change the displacement efficiency of gas by water 
Although 


cited work investigated a system in which the solid phase 
thought 


it these conditions. Such an occur 


from that at lower temperatures and pressures. 
advisable to 


rocks at 


steel and not rock material it was 


of wettability changes in 


investigal the possibility 
high tem tu ind 
Nellie Bly 


connate 


n Fig. 8 


pressures 
flooded starting with 


Flood histories for 


cores were 


lhree 


ipproximate per cent water 


saturations for 
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these were 34.0, 36.5, and 33.0 per cent pore space. Precision 
of measuring saturation was not as good in these tests as those 
conducted at 80°F because of difficulties in obtaining good 
electrical insulation at the high temperature. Regardless of 
this. the magnitude of residual gas saturation agrees with 
values measured at lower temperatures. The erratic flood his 
tories of the three tests are a result of restricting the flow of 
water into the cores by regulating needle valves. It is signifi 
cant to note that in each case after flood-out no additional 
gas was recovered regardless of the previous flood histories 


Saturation profiles at various times during the flood on core 
2 are presented in Fig. 9. The driving force for the water ir 


| 
4 
: 
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FIG. 6— SATURATION PROFILES DURING FAST FLOOD, NELLIE BLY 


SANDSTONE. 
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RESIDUAL GAS 32 

















CONNATE WATER 300% 





AVERAGE GAS SATURATION, % PORE SPACE 


l 1 
25 








50 
FLOODING TIME, HOURS 


FIG. 7 — SATURATION HISTORY OF UPDIP WATER FLOOD WITH STATIC 
PRESSURE AT 5,000 PSI AND TEMPERATURE OF 80°F, NELLIE BLY SAND 
STONE 


The fact that the core imbibed 
water is sufficient to establish that the water was the wetting 


this case was capillary suction 


phase as it was in the floods at atmospheric conditions. 


Water Flood on a Simulated Gas Reservoir 


In a gas sand at the time of discovery. the vertical distribu 
water is in equilibrium with the capillary 
starts 


and 
the 
the structure, and increases progressively upward. The flood 


tion of 


fas 


forces of sand. Gas saturation from zero. low in 


tests already discussed were performed with the entire core 
at a high gas saturation before the flood. A flood experiment 
on a 16-ft column of Torpedo sandstone (an outcrop forma 
before the flood in 
equilibrium with the capillary forces to find out if this factor 
the 


Results of this experiment are given in 


tion) was made with the gas saturation 


influence amount of residual gas remaining 
flood 
which the vertical 


had an 


on 
after a water 
Fig. 10, in 


Is shown 


listribution of gas in the core 
flood. 


Connate water saturation in the core before the flood ranged 


at various times during the water 


from 30 per cent in the uppermost portion, gradually increas- 
ing to 100 per one-half ft. It 
should be noted that at about nine and one-half ft up from 
the bottom of the 


cent pore space in the lower 


the core continuity of the connate water 


saturation profile is broken. This is at the location of the joint 
plane between the two cores in the column, The discontinuity 
means the cores were not in complete capillary contact and a 
saturation gradient due to end effect resulted when the core 


was drained. During the water flood the discontinuity had no 
disturbing effect on the saturations as a non-wetting fluid was 
displaced by a wetting fluid 

Flood-out occurred after 24 days of continuous water injec 
tion. The residual gas saturation remaining in the core varied 
in the same manner as the original gas saturation. A maximum 


residual gas saturation of 34 per cent pore space was meas 


ured in the uppermost portion of the column. Relative perme 
ability tests on several Torpedo sandstone core plugs resulted 
the 34 to 37 


connate water saturation before 


in residual gas saturations covering range of 


ver cent pore space when the 


flooding was in the same range as in this portion of the long 
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CORE 3, 330% 


eal CORE 2, 365% 
CORE |, 


340% 


RESIDUAL GAS 
SATURATION 


AVERAGE GAS SATURATION, % PORE SPACE 


36 72 108 
FLOODING TIME, HOURS 


FIG. 8 — SATURATION HISTORIES OF THREE WATER FLOOD TESTS ON 
NELLIE BLY SANDSTONE CORES AT 5,000 PSI AND 250°F 


column. Small core flow tests’ have been shown to give 


core 
the same variation in residual gas saturation as measured in 
column when with com 
parable water saturation. After flood-out. an amount of water 
sufficient to flood out an additional 100 ft of sand was pumped 


through the core over a three-month period. During this time 


the lower portions of the starting 


the gas saturation in the lower portion of the core gradually 
diminished. In the following two and one-half months period 
during which no water was pumped into the system, the satu 
stable. It is 
gas saturation in the 


ration at every position the core remained 
concluded that the small 
lower portion of the core after flood-out was caused by solu 
effects. 


remove gas by 


reduction in 


tion Considering the amount of water required to 


of gas recovery is not 


solution, this method 
theught to be of practical importance in reservoirs. 
In Fig 


be seen 


10 the effect of rate of the displacement process can 
During the first 67 hours of the flood. the water was 
water advance of 
mately 20 in 138 hours 
total) the rate was reduced to approximately 10 in. per day 


a rate resulting in a approxi- 


For the next 


injected at 
per day (67-505 hours 
It can be seen that a twofold decrease in rate of water injec- 
tien caused a twofold increase (from 3 to 6 ft) in the length 


lable Il— Reproducibility of Determination of 
Residual Gas Saturation by Imbibition 
(114-in. Diameter Samples) 
% Pore Space 


Test 3 


Residual Gas Saturaton 

Sandstone Amy ) Test | Test 2 
x45 
34.0 
> 


I or pedo 
Torpedo 
lorpedo 
lorpedo 
Torpedo 
\vg 
Nellie Bly 


*Cut from same block it 
*Curved surface plastic coz 
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of transition zone or flood front. This is the only apparent 
effect rate had on the displacement process: the magnitude 
of residual gas saturation was not affected. 


Gias Displacement from Dry Core Plugs 
By Water Imbibition 


In all preceding experiments described, the cores contained 
connate water before being water flooded. The question arose 
as to the amount of residual gas saturation that would remain 
after water flooding cores which were not initially subjected 
to the restored state technique. This involved water flooding 
a completely gas saturated core. 

Capillary forces will cause spontaneous imbibition of water 
into porous materials that are wet by water in preference to 
air. Water thus imbibed into the core will displace air to zero 
air permeability in the same manner that it would if it were 
pumped into the core. This flooding-out of a core by water 
imbibition will progress until the vertical height flooded is 
equivalent to the displacement pressure of the rock sample 
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FIG. 9—SATURATION PROFILES DURING UPDIP WATER FLOOD AT 5,000 
PS! AND 250°F, NELLIE BLY SANDSTONE (CORE NO. 2 OF FIG. 8). 
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Table II] — Reproducibility of Residual Gas by 16 
Imbibition Tests 
(Different Size Samples) 
Residual Gas Saturation 
% Pore Space 
Sandstone Diameter, In Test 1 Test 2 
Nellie Bly 14 31.8 32.1 
Nellie Bly 34 31.8 


\bove this height only a partial flood will take place. Dis 
placement pressures of the type porous materials of interest 
are greater than one in. of water; therefore, natural sand core 
plugs in the order of one in. in length can be completely 
flooded by water imbibition. 

In these experiments water was imbibed from the lower fac¢ 
of the core with the remainder of the core in the atmospher« 
It was found that completely submerging the cores had the 
disadvantage of mechanically trapping gas in the central por 
tion of the core as water invaded from all directions, thu 
complicating interpretation of the data. 


CONNATE 


Cores used in these experiments were outcrop sandstones 
WATER 


reservoir cores, and synthetic porous materials. Typical data 
of a water imbibition test are shown in Fig. 11. Each set of A cae le eke daa 
data points is for the same core. The significant feature i- f 
the reproducibility of the residual gas saturation. Difference 
in measured values is in the order of precision that satura 


JOINT PLANE OF 
CORE SEGMENTS 


FEET 


tions can be determined by weighing the core. Before flood 
out, and after the same amount of time, the amount of water 
imbibed in each test was different. This was entirely due to 
differences in the resistance offered by the supporting porou- 
disks to the flow of water. 


@ 


Repeat tests on the same cores were found to be reprodu: 
ible within 0.6 per cent pore space. This is shown in Table II 


_ 
= 
4 
WwW 
= 
WwW 
a 
9 
e) 


The five Torpedo sandstone cores were cut from the same 
piece of rock and three tests were conducted on each of two 


a a a 


cores. Sample diameter had no effect on the results as shown 
by data in Table III. Similar agreements of results wer 
found between tests using core plugs whose curved surface 





were covered with an impervious plastic and tests before 
plastic was molded onto the core. 

Table IV lists comparative results of imbibition tests on two 
cores performed with and without connate water saturation in 
the sample before imbibing water. The agreement is within 
acceptable limits. Table V gives comparative results of resid 
ual gas saturations measured on the same cores by flow experi 
ments (relative permeability tests) and by water imbibition comune qonen 
into dry cores. Again the agreement is acceptable. as the 
average of the five cores tested by the two methods differs 
only by one per cent pore space. 

Oil was used for the imbibed fluid in other tests and result- 
for cores in which both water and oil imbibition tests were 
conducted are shown in Table VI. The agreement is excep 
tionally good. These results indicate that over the range inves 
tigated, viscosity. density, and interfacial tension of the fluid- 








Table IV Comparison of Residual Gas by Imbibition 60 40 20 
Tests on Cores When Dry and When Containing GAS SATURATION, % PORE SPACE 
Connate Water 
Residual Gas Saturation, © Pore Space 


Originally Containing Originally 
Sandstone Irreducible Water Dry 


Nellie Bly 34.7 33.0 
Nellie Bly 34.5 32.3 FIG. 10 — SATURATION PROFILES DURING UPDIP FLOODING OF GAS 
BY WATER, TORPEDO SANDSTONE 
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100 — _—s a ae ea 

O-FIRST TEST ] 

X-REPEAT TEST ; § 
| | f 





MINUTES 








RESIDUAL GAS /355% 
SATURATION 350%—— 


IMBIBITION TIME, 


=a 
155 80 40 
AVERAGE GAS SATURATION, % PORE SPACE 


= — 
70 60 


FIG. 11 TYPICAL WATER IMBIBITION TEST DATA SHOWING REPRO 
DUCIBILITY OF RESULTS, TORPEDO SANDSTONE. (PERMEABILITY 425 
MD, POROSITY 26.5 PER CENT 


have no effeet on residual gas saturation provided the flooding 
liquids wet the rock to the same extent 

It is concluded from the preceding data, that residual gas 
imbibition are 
flow tests 


saturations measured on dry cores by water 


essentially the same as those values measured by 


starting with connate water in the core. 

Incidental to the main subject under discussion, a significant 
All cores tested 
but some of them would not imbibe water. These 


observation was made in these imbibition tests. 
imbibed oil 
cores which were repellent to water were identified by other 
laboratory tests as being preferentially oil wet. Thus the im 
bibition test can be used to indicate wettability characteristics 
of rocks. 

Many 


laboratory 


materials in the 
of residual gas saturations 


A listing of the results of 


types of porous were investigated 
to evaluate the range 


that can be expected in reservoirs 


lable V— Comparison of Residual Gas Saturation 
Obtained by Relative Permeability and Brine 
Imbibition Tests 
il Gas Saturation Por 


By Imbibitior 


e Space 
Sandstone Tests 
Frio 32.5 
Frio 34.7 
Frio 3.7 $7. 
Frio 3 
Frio 5 
35.3 


Nellie Bly 
Torpedo 


30-36* * 
oY he 
*One sampke 


**Range for 12 cores 


*** Average five other samples 
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fable VI — Oil Imbibition vs Water Imbibition 


Residual Gas Saturation, % Pore Space 


Sample By Oil Imbibition By Water Imbibition 


17. 
34.5 
34. 


Selas Porcelain 16 
Torpedo Sand 5 
Frio Sand H 
Frio Sand 3: 
Frio Sand 


Frio Sand 


3 
} 
) 
} 


} 33.6 
30.2 


29.6 


29.8 
29.8 


these tests is given in Table VIL. The significant feature of 
these data is that residual gas saturations after water flooding 
reservoir rocks range from 16 to 50 per cent pore space, which 
is the same range of values for residual oil saturation obtained 
in the laboratory when water flooding “oil sands.” Craze and 
Buckley field data that residual oil 


saturations in oil reservoirs are within this same 


have determined from 


water drive 


range of values 


MEASUREMENT OF RESIDUAL GAS SATURA- 
TION IN WATER FLOODED GAS RESERVOIRS 


Field data were reviewed to find out if residual gas satura 
tion in watered-out gas sands could be evaluated by a material 
is Craze and Buckley’ did for 
sands. No field data 
primarily to the fact that at this time very few 
flooded. Also. 


the usual wide well spacing in gas fields makes difficult the 


balance calculation residual 


oil in drive vil suitable 


located. due 


water were 


water drive gas sands have been completely 
precise determination of field areal extent, which is an im 
the calculation of residual 
absence of field performance data, other means of 


portant factor in saturation 


In the 


gas 


evaluating residual gas saturation in watered-out portions of 
gas reservoirs were used, namely. physical measurements of 
gas content of 


electric log 


ind calculation of gas saturation using 


cores 


data 


West Beaumont Field, Tex. 


Production history and recent drilling have established that 
the 4.500-ft gas sand of the West Beaumont Field. Jefferson 
County. Tex.. has been partly flooded out due to a rise in the 
water level as a result of production. Seeking deeper pay. a 
well was recently drilled in a portion of the field in which 
the 4.500-ft gas had flooded out by 


years. The original elevation of the gas 


sand been water for 
approximately five 
water contact was accurately determined from the electric logs 
of an original gas well located 170 ft from the new well. 

Phe 4.500-ft gas sand was cored with Carter Oil Co.'s pres 
a total of 43 ft 


In three of these runs the equipment operated com 


sure core barrel. Ten cores were cut making 
cored 
plete ly 
bottem hole pressure Gas volumes bled from the cores at the 
taking 
1ccount an experimentally determined compressibility factor 


of 0.85. Results of the tests are given in Table VIII. 


satisfactorily, recovering core at the surface undet 


surface were converted to reservoir volumes. into 


Porosity values are averages of several samples from each 


core. These values may not reflect the true porosities that 
existed in the reservoir because the soft nature of the rock a- 
the core was removed from the core barrel made it evident that 


This being the 
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Table VIL— Summary of Results, Residual Gas Satu- 
ration After Water Flood as Measured on Core Plugs 
in Laboratory 

Residual-Gas Satur 
Porous Material Formation % Pore Space 


Unconsolidated Sand 

Slightly Consolidated Sand 
(Synthetic) 

Synthetic Consolidated 


Materials Selas Porcelain 


Norton Alundum 
Consolidated Sandstones Wilcox 
Frio 
Nellie Bly 
Frontier 
Springer 33 
Frio 30-38 
Average 3 
Torpedo 
Tensleep 


Limestone Canyon Reef 


situation, residual gas saturations calculated are minimur 
values, due not only to use of too large porosity values, but 
also to the possibility of gas bubbles escaping from the cut 
rock before recovery at the surface. Considering these poss! 
bilities, it is estimated that the residual gas saturation is more 
probably in the order of 22 


per cent pore space. 

It is significant to note that the higher measured value 
residual gas was found in the core which was closer to the 
original gas-water contact which, of course, had been flooded 
out the greater length of time. Therefore, based on thesé 
results. it is indicated that diffusion has not been an effective 
means of gas removal in this sand. The core taken fron 
below the original gas-water contact contained no gas 
though it was under bottom hole pressure when retrieved at 
the surface. 

In addition to the physical measurements, an electric log 
analysis was made on the watered-out gas sand. In Table VIII 
are values of residual gas for the three cored sections using 
the Archie formula’ for calculating saturations. There are 
uncertainties in the electric log interpretation since the cores 
recovered were of such a nature that no basic electrical meas 
urements could be made on them. The results reported are 
those calculated using the most reasonable values for factor 
involved. It was found that by varying porosity over a range 
of 25 to 35 per cent: cementation factor, 1.4 to 1.6; and true 
reservoir resistivity at 100 saturation, 0.65 
to 0.85 ohm-meter; the value of residual gas for the first core 
reported in Table VIII ranged from 22.7 to 40.0 per cent pore 
space. Results from the electric log cover a wide range 
but even by using the most extreme conditions, the 


per cent water 


values; 
residual gas saturation is of the order measured in the lab 
oratory on cores. 

The friable nature of the sand did not permit laborator 
measurement of residual gas saturations by flow tests. But o1 
similar types of material. unconsolidated to slightly consoli 


Gas Saturations Measured on Cores Cut 
With Pressure Core Barrel 


Table VIII 


Gas Satu 
Electric Log 
Calculatior 


Gas Saturation 
Physical 


Depth 
Measurement 


Interval 
4.564 
4573-77 
4,589-93 
4,600 
$,601-06 


Porosity 
Top of Sand 
32.9 16.7 37 
31.0 18.5 19.4 
ORIGINAL GAS - WATER CONTACT 
8.1 0 0 
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dated sand, values from 16 to 21 per cent pore space have 


been measured which agree in magnitude with the physical 
g 


measurements of residual gas in the West Beaumont cores. 


Lakeside Field, Louisiana 


A well drilled in 1950 near the west edge of the Lakeside 
Parish, Louisiana, penetrated the Siphonina 

This reservoir had produced gas and distillate 
1941. Field data indicate that the 
water drive and that the water-gas 
moved up approximately 30 ft as a 
sand logged in this new well included both the water flooded 
unflooded the pay. In Table IX 


calculated gas saturations using the Archie formula.” as well 


Field, Cameron 
Davisi sand 


starting in reservoir has 


an active contact) has 


result of production. The 
and portions of are given 
is other pertinent information concerning the well. 

The calculation of gas saturations was based on a 30 pet 
and the most reasonable 
factors involved in the determination, so the 


measured on a 
other 
subject to the usual limitation on quantitative 
he 


sand 


cent porosity core 
values for 
numbers are 
drill stem test confirmed that the lowe: 
flooded out, and calculations indi 


gas saturation still remained. Thi- 


electric log data 
portion of the 
cated that 21.8 


value is of the same order of magnitude as residual gas satu 


was 


per cent 


ration measured in the laboratory on friable type sand samples 


see Table \ I ’ 


Table IX 


Analysis of Siphonina Davisi Sand 
Lakeside Field, Louisiana 


Depth Sep ey ey or ey ee 
9 978 68 
9 974-90 Completion ; 
distillate w 


produced gas ane 
th no water 

9.998 
10.010 Pop of flooded-out zone at time 
of completion of this well (cal 
culated field 


data ) 


from performance 
10.018 
10.020-30 Drill 


water 


stem test: recovered salt 


10.040 Original water-gas contact 


CONCLUSIONS 


substantiate the con 
as determined in the 


both 
saturations 


field evidence 


clusion that residual gas 


|. Laboratory and 


laboratory on core plugs are, within practical limits, the 


same as will occur in a gas sand under a water flood 


cent to 50 
the 


residual oil saturations after 


saturations from 15 


different 


2. Residual gas vary per per 


cent pore space for sands. which is same 


range of variations tor water 


flooding oil sands 


ACKNOWLEDGMENTS 


The authors wish to cknowledge the cooperation ot the 
Research Department of the Oil Co. in the 
at West Beaumont and the helpful sugges 


tions and cooperation of many individuals in the Producing 


Carter pressure 


coring operation 


PETROLEUM TRANSACTIONS, AIME 37 





T.P. 3279 


Department of Stanolind whe contributed greatly to the entire 
investigation. Also, appreciation is expressed to the Stanolind 


Oil and Gas Co. for permission to present this paper 


REFERENCES 
Parrish, D. R.. 


Factors 
Measurements,” 


and Morse 
Affecting 


Trans 


Owens, W. W 


Investigation of 


Geffen, T. M 
R. A.: “Experimental 
Laboratory Relative 
AIME. (1951) 192, 99 

2. Osoba, J. S.. Richardson, J. G 
and Blair. P. M.: “Laboratory 
Permeability.” Trans. AIME 

3. Caudle, B. H.. Slobod, R. | 
‘Further Developments in the 
of Relative Permeability.” Trans. AIME, (1951) 192, 145. 
Sewell. Ben W “The Carter Pressure Core Barrel.” API 
Drill. and Prod. Prac. (1939). 69 
Mullane. J. J Analyses.” API 
Prod. Prac., 
Archie. G. F 
in Determining Some 
AIME, (1942) 146, 54 
Gilliland, E. R.: Ind. Eng 
Hough. E. W.. Rzasa. M. J.. 
Tensions at Reservoir Pressures and Temperatures: 


Water-Methane 


Permeability 


Kerver. J. K.. Hafford, J. A.. 
Measurements of Relative 
(1951) 192, 47. 
Brownscombe, E. R. 
Laboratory Determination 


and 


“Pressure Core Drill. and 


(1941), 163 
“The Electrical 


Resistivity Log as an Aid 


Reservoir Characteristics.” Trans 


Chem.. (1934) 26, 681. 

and Wood, B. B.: “Interfacial 

A ppa- 

and the System.” Trans. AIME. 

192, 57 

0. Craze. R. C.. and Buckley, S. E.: “A Factual 
the Effect of Well Spacing on Oil Recovery.” 
ind Prod. Prac (1945) 144 


ratus 
(1951) 
Analysis of 


API Drill 


DISCUSSION 


Richardson, Junior Member AIME, and J. S. Osoba., 


Oil and Refining Co., Houston, Tex 


By JI.G 
Humble 


The authors are to be commended for their pioneering et 


forts in studying the magnitude and significance of residual 
gas-filled 


experiments 


gas saturations obtained when media are 


liquid flooded. The 
sent a major undertaking both from a standpoint of the com 


perous 


laboratory described repre 
plexity of apparatus required and also the diversity of the 
this 


saturation 


experiments performed. The critical issue invelved in 


paper is whether the imbibition distribution of 


noted in laboratory experiments is sufficiently stable to apply 


to reservoir conditions of pressure, temperature and rate of 


water advance, and to permit a determination of the efficiency 
of water floods in reservoirs from laboratory data. Therefore. 


on such an important issue as reserves left in the ground 


PETROLEUM TRANSACTIONS, AIME 


EFFICIENCY OF GAS DISPLACEMENT FROM POROUS MEDIA BY LIQUID FLOODING 


a critical examination of the evidence presented by the authors 
-hould be made 

No anomalous results due to boundary discontinuities can 
be noted in these experiments. Theoretically, boundary effects 
should not influence results at the residual gas saturation 
where the gas permeability goes to zero and the flat saturation 
Figs. 5. 6. the outflow 


The good agreement obtained among 


profile shown in and 9 as end is 
approached verifies this 
the residual gas saturations in flooding experiments over a 
wide range of pressure and temperature with those obtained 
by imbibition experiments on small core samples indicates 
that the fast and simple imbibition experiments duplicate 
the laboratory This agreement has 
found in our laboratories also among results from water and 


vil floods at laboratory temperature and low pressures and 


flooding results. been 


those of immersion experiments 

Deemed particularly significant is the apparent lowering of 
the residual gas saturation by diffusion, Figs. 3 and 5. It 
should be pointed out that the relation developed by Gilliland 
referred to applies only to gases diffusing in gases and cannot 
be applied to gases diffusing in liquids. which svstem is in 
volved in this case 

While the effect of temperature upon the diffusivity coefhcient 


in Fick's Law can be approximated by the Stokes-Einstein 


I 
D the effect of pressure upon the diffusivity 


equation 


coefficient is not readily obtainable. Therefore, additional study 
will be required before this diffusional effect can be inter 
preted in terms of rate of water advance at reservoir pressure 


and temperature 


AUTHORS’ REPLY TO MESSRS. RICHARDSON AND OSOBA 


Richardson and Osoba have brought up an important point 
concerning the applicability of the Gilliland equation for esti 
mating the effects of temperature and pressure on the rate 
of diffusion of gas. The authors fully realize that the relation 
was not derived for diffusion of a gas through a liquid. Unfor 
is available which can be 
evaluate precisely this problem. Although Gilliland’s equation 
cannot be used to evaluate the absolute value of the diffusivity 
coefficient, the upper limit of the effect of temperature and 
pressure on diffusion rate can be reasonably estimated. Quali- 
tatively. the conclusion that gas diffusion in terms of saturation 
is of minor significance. considering the length of the pro 
ducing life of a is substantiated by the fact that 
residual gas saturations measured on cores cut with a pressure 
core barrel in the West Beaumont Field were in the range of 


tunately, no information used to 


reservoir, 


based on other measurements made on cores 
* * et 


values expected 
in the laboratory 
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DISPLACEMENT MECHANISM IN MULTI-W ELL SYSTEMS 


LOYD R. KERN, THE ATLANTIC REFINING CO., DALLAS, TEX. 


ABSTRACT 


\ procedure for determining the behavior of a reservoir 
under a gas injection program was reported by 
Buckley and Leverett in 1942.’ This method, which allowed 
the calculation of the phase saturation distribution behind the 
front of a displacing fluid. has been extended to apply to a 
more general situation. 

The may initially contain flowing quantities of 
the displacing fluid, or the fluid in the reservoir may be 
above saturation pressure so that solution effects are present 


or water 


reservoir 


Production may occur behind the front as in the case of a well 
which is produced after breakthrough of the displacing fluid 
The calculating procedure is simplified in that the graphical 
integration necessary to determine breakthrough saturation 
eliminated by performing a direct integration and the graphi 
cal differentiation necessary to determine saturation distribu 
tion is eliminated by representing the displacing phase fraction 
of the flowing stream by an empirical equation. This repre 
sentation results in simple expressions for the producing ga- 
or water ‘oil ratio and cumulative production. 


INTRODUCTION 


A method for the calculation of the saturation distributior 
behind the front (interface between the displaced and dis 
placing phases in a gas injection or water flooding operation 
was reported by Buckley and Leverett in 1942. The method 
leads to a curve for the saturation distribution which is double 
valued; consequently, part of the curve was interpreted to be 
physically meaningless. That part of the curve which has 
physical significance was determined by a graphical integra 
tion (material balance). 

References given at end of paper 

Manuscript received in the office of the Petroleum Branch Aug. 9 


195 
Paper presented at the Fall Meeting of the Petroleum Branch in Okla 
homa City, Okla., Oct. 3-5, 1951 
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In this paper it is shown that the integration may be per 


formed analytically with a resulting equation for the satura- 
tion of the displacing phase at the front. The case in which 
the displacing fluid is initially flowing and the case in which 
the reservoir is initially above the saturation pressure so that 
some injected gas goes into solution are included in the inte 
gration. The calculations are considerably simplified by repre 


senting the fraction of the flowing stream which is oil by an 


exponential function of saturation 


The method is extended to apply approximately to reser- 
voirs in which wells located between the injection well and 
the front are 


produced. An illustrative example utilizing the 


methods presented is included 


RESERVOIR BELOW SATURATION PRESSURE 


In the case of a water flooding operation or in the case of 
4 gas injection operation in whic h no gas goes into solution 
in the displaced oil, the 


equation for saturation in a linear 


flow system as a function of time and position as given by 


Bucklev and Leverett is 
dx 5.6lq 
dt JA fA 


total reservoir volume flow rate, rvb/davy 
cross sectional area of system, sq ft 
porosity of formation 
irom imnyection 


distance point, ft 


time, days 


saturation of the displacing phase 


velocity of planes of constant saturation, ft/day 


1e¢ as that used by Buckley 


A complete Appendix A 
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fraction of flowing stream which is the displace 


ing phase 


dv 
the change of the traction of the flowing 
stream with saturation (displacing phase 
relative permeability to oil 


relative permeability to the displacing phase, 


ratio of the viscosity of the displacing phase to 


the viscosity of the displaced oil 


Equation (1) and the developments presented here apply 


to linear flow systems. Application to actual reservoirs may be 
ihieved approximately by considering the product fAx to be 
the pore volume enclosed by a surface of fixed saturation and 
the shape of these surfaces by 


1x 
J ’ is the 
5.6] 


surtace of 


ipproximately determining 


ndependent means. If pore volume in bar 


rels enclosed by the saturation p,. Equation (1) 


may be written as 


ds ) 
do Ji 


} 


idt is the total number of barrels of injected 


fluid (measured at reservoir conditions ) 


di 
ind s the change in the pore volume enclosed by 
do J; 


the surface of unit volume 


f injected fluid 


saturation p, per 

















Ve 


V—PORE VOLUME ENCLOSED BY SURFACE 
OF SATURATION /q,BARRELS 


Pg —SATURATION OF DISPLACING PHASE 


FIG. 1 — SATURATION DISTRIBUTION IN A GAS INJECTION OR WATER 
FLOODING OPERATION 


Pu Saturation at which permeability to the displacing phase goes to 
zero. pu; — Initial saturation of displacing phase. p = Saturation of 
displacing phase at the front. V Pore volume swept out by the front 
Pua = Saturation at which permeability to the displaced phase goes to 
zero 
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If the saturation does not vary with position before injec 
tien occurs, Equation (2) may be integrated directly: 

} UY ‘ o ; - (3) 

Saturation plotted vs } from Equation (3) for a particular 

( appears as shown by the curve in Fig. 1. The dotted por 

tion of the curve is taken to be imaginary and is determined 


by material balance methods 


The area enclosed by the curve and the axis V = 0 is equal 
to the volume of displacing fluid which has been injected. It 
can be shown (Appendix B) that the area D is equal to the 
volume of displacing fluid initially present which has flowed 
out of the volume occupied by the front; and therefore the 
saturation at the front is determined by making the area B 
equal to the area C. If the initial saturation is equal to ot 


less than Pu (the saturation at which permeability to the 

displacing phase goes to zero) the area D is zero. If the initial 

saturation is equal to or greater than the saturation at which 
dv, 

the maximum occurs in the curve, areas B and C are 


aps 


zero and the saturation at the front is equal to the initial 


saturation (there is no discontinuity at the front}. 


From the condition that area B equal area C an expression 
is obtained for the saturation existing at the front: 
v v 
(4) 


where 
p saturation of the displacing phase at the front 
Ps initial saturation of the displacing phase. 
=p, 
value of Vy at p p 


d¥, 


at p p 


value of ¥y at py 


v value of 
dp 


(4) expresses the value of the saturation at the 
the initial saturation of 


Equation 
front in terms of known quantities; 
the displacing phase (assumed constant with position) may 
have any value. If the initial saturation of the displacing phase 
is equal to or greater than the saturation at which the maxi 

d¥, 


mum occurs in the curve. the correct solution of Equa 


dp 
tion (4) is: ¢ p,,. If the initial saturation is less than the 
saturation at which the maximum occurs but greater than the 
saturation at which the permeability to the displacing phase 
goes to zero, there are two solutions. pa» = py, again being a 
(the saturation at 
which the 


solution but the incorrect one in this case 


the front less than the saturation at 


cannot be 
d¥, 

maximum in the curve occurs). If the initial saturation 

ag 

is less than the saturation at which the permeability goes to 

solution 


zero. there is only one 


RESERVOIR ABOVE SATURATION PRESSURE 

If it is that the fluid is instantaneously 
saturated at the front by the solution of gas with no further 
solution effects behind the front, Equations (2) and (3) 


assumed reservoir 
may 


be applied to the case in which the reservoir is above the 


saturation pressure 

In this case the initial saturation of the displacing phase is 
zero and the area D of Fig. 1 is zero. To satisfy material bal 
ince considerations the area B of Fig. 1 must equal area ¢ 
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plus the volume of free gas which has disappeared by 
into solution. This condition is expressed as 


(1l—p. 
af 18-3 
v, 
where the subscript g refers to the displacing gas phase and 
S gas solubility of the saturated oil behind the fron 
SCF /STB 
gas solubility of the original reservoir oil 
SCF /STB 


gas conversion factor, SCF /rvb 


of the saturated oil be 


formation volume factor 

hind the front, rvb/STB 

Py connate water saturation 

Equation (5) (derived in Appendix C) relates the satura 

tion of the displacing gas at the front to quantities which are 

known or 

fluid which appears in ¥, is taken in this case to be the 
cosity of the saturated oil behind the front. 


may be measured. The viscosity of the displace 


] 
1 


Since some of the gas is going into solution at the front an 
since in general the solution of a given volume of gas in 
does not increase the volume of oil by that amount. the total 
rate ahead of the front differs from that behind 


above satu 


volume flow 
the front. That is to say. in the case of a reservoir 
ration pressure the volume production rate is less than the 
volume injection rate even though pressure gradients are neg 

, 


ligible. The ratio of the production rate to the injection rate 


is given by 


Pw} l 


where §, is the formation volume factor of the displaced fl 
(rvb STB) ahead of the front and UT is the desired ratio 


\ppendix E). 


PRODUCTION BEHIND THE FRONT 


Consider a reservoir in which gas or water is inje 


through a single well and production occurs from several! 
wells in the field (some of the wells may continue productior 
after the front of the displacing phase has passed them). The 
method of Buckley be applied 
mately in this case if it be assumed that the sweepout patter 
with the front 


and Leverett) may ipprox 


is known and that the surfaces coincident 
it progresses through the reservoir will later coincide with 
surfaces of fixed saturation. Let V, be the pore volume ¢ 
closed by the frontal surface when the front reaches the fir 
well or group ot wells. J the pore volume en losed by 


frontal surface when the front reaches the second group 


wells. and so on for V,. J 
The preceding analysis applies for the zone OC) <V,. He 


ever. in the second zone (1 V<V.) and other zones after 


the front has entered those zones Equation (3) may not 
applied because both the displacing phase and the displaced 
phase are entering the zone. (In the first zone only the d 
placing phase is injected). Furthermore. the total volur 
flow rate in each zone is decreased by production from wel 
behind the front. 

If these factors are taken inte account, the saturation 


tribution in the second zone is given by 


.Q 
VJ 5 4 
Q 


q dO 
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V—PORE VOLUME ENCLOSED BY SURFACE 
OF SATURATION /g4,BARRELS 


/4-SATURATION OF DISPLA 


FIG. 2 SATURATION 
Vv Pore 
front 


DISTRIBUTION 
zone. V 


IN A TWO-ZONE RESERVOIR 
volume of first Pore volume enclosed by the 
Saturation of the displacing phase ot V V;. Saturation 


distribution shown by solid line 


where 
fraction of total volume flow which is being voided at 
the first group ot wells (assumed to be known) 

fluid 


saturation p 


volume of displacing which has been injected 


when the surface of 
J } 
The factor a 


by setting | } 


passes the surface 


may be evaluated in terms of the saturation 


n Equation (3) 


} 
(8) 


Equation states that the volume enclosed by the surface 


} of saturation p, is equal to the volume of the first zone plus 
1 factor proportional to the total volume of gas and oil which 
has entered the second 


boundary of the 


zone since the surface passed the 


first zone 

The saturation distribution for a two-zone reservoir is shown 
in Fig. 2 
production has continued 
ond 


obtained 


There is a group of produc ing wells at J V. and 
ifter the front has entered the sec- 
distribution in the first 
and the saturation distribution 
Equation (7). The 
and py) as plotted 


zone The saturation zone Was 


from Equation (3) 
fron 


in the second obtained 


dotted 


zone Was 


portion of the curve (between p 


from Equation is the same as that which would have been 
obtained had the total volume 
than 
be imaginary since the saturation at the front remains 
ond zone as in the first (see Appendix D) 


entering the zone been gas 


rather gas plus oil. The dotted portion of the curve is 
taken to 


same 


}<V,) the saturation distribution 


gq. .\dQ (9) 


where is the fractional voidage rate at the Ath group of 
wells and Q,, is the volume of displacing fluid: which has 
| surface J 


been 


n—] 


The vv 


injected when the of saturation py passes the 


group of we IIs 


ippear in the limit of the integral if 
ipplied to the third zone could be evalu- 


whic h wo ild 


Equation (9) were 
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ated in terms of saturation by setting | V. in Equation (7). 
[hus by considering succeeding zones, the saturation distribu 
tion could be uniquely determined as a function of 1 and Q 

This procedure, however, is unwle ldly unless the as are 
constants or simple integrable functions of Q. If the integrals 
i (l-q-q - ~qa,)dQ cannot be evaluated directly, 
0 
the variation of p, with Q at each group of wells may be deter- 
mined by a simple graphical procedure (it is necessary to 
know only the variation in saturation at each producing well 
in order to specify producing gas or water, oil ratio and cumu 
lative oil production histories). 

Equation (9) may written for } 


Yv 
(1 q q 


1dQ (10) 


the total volume of displacing fluid which has 


been injected when the surface of saturation py, reaches the n 


where v, bs 


group of wells. 


If saturation is known at the (n—1 group of wells as a 
function of the volume of gas or water injected, saturation at 
the n‘” group of wells as a function of the volume injected 
may be determined from Equation (10) by plotting the inte 
Yv 

gq. .)dQ vs Q. For any given satura- 


tion the first term on the left hand side of Equation (10) may 
be directly calculated: the second term may be evaluated by 
Q 
referring to the plot of the integral | (l-a@-@ gq 
0 


i\dQ 
vs Q (saturation at the (n—1) group of wells is known as a 
function of Q): the value of Q 
on the right side of Equation 
may then be determined by referring to the plot of the inte- 
this 


saturation at each group of wells as a function of the volume 


which will make the integral 
(10) equal to the left side 


gral. By considering successive zones in manner the 


of gas or water injected may be readily determined and with 


this it is a simple matter to determine the gas ‘oil or water ‘oil 


ratio and production history of each well in the field 


EMPIRICAL METHODS 


The calculations encountered in the application of these 


methods to practical uses are greatly simplified by represent 


ing the ¥, function by an analytical function of saturation 


Since breakthrough saturation is specified by Equation (4) 


or (5) and since gas or water /oil ratio and cumulative oil 


production at the well can be determined from the saturation 


existing at the well, accurate results may be obtained from 


any analytical representation which fits the data in the satu 
ration breakthrough to 
regardless of the fit outside this range 


range from abandonment saturation 


{ representation which greatly facilitates the calculations 
necessary in the type of problems under consideration here 
is an exponential. In all of a number of cases which have 
been studied it has been possible to choose a factor \ such 


that a plot of log (¥, +) vs py is a straight line over the 
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interest (between breakthrough and abandonment 


That is, ¥ 


range ot 


saturations may be represented by 


O— pa 


\ exp 
where » and @ are constants and are determined by the slope 
and intercept of the straight portion of the log (Y, + A) vs p 
plot 

With 


utes to 


this representation it is oygly a matter of a few 


min 


calculate the breakthrough saturation and the entire 


water, oil ratio and production history once ¥, or ¥ 


gas or 
vs py has been plotted 
For a water injection operation or a gas injection operation 
in which the reservoir initially is at or below saturation pres- 
sure, the equation for the saturation at the front becomes: 
(12) 


where x 


and (1 exp 


{ w ‘ 


Equation (12) may be readily solved by trial or graphical 


means for the factor x from which breakthrough saturation 


may be obtained 


In the case of a reservoir which is above the saturation 


equation for the saturation at the front is: 


pressure, the 


(13) 


where 


solved by trial for the factor y from 


breakthrough 


Equation (13) may be 


which the value of the saturation may be 


obtained 
With the exponential representation simple expressions are 


obtained for gas or water oil ratio and cumulative production 


at the producing well since Y, varies linearly with ¥, and 


hence the fraction of the flowing stream which is oil at any 


well may be determined easily as a function of Q. 


For example the cumulative oil production at the first group 
f wells is given by 
Yv 
\ ioe 
a) 


imulative oil production, STB 
imulative oil production at breakthrough, 
of displacing fluid which has been in 


STB 
olume 
cted when breakthrough occurs, rvb 

Since known as a function of Q. Equation (14) expressly 

oil production at the first 

umount of displacing fluid which 


4 


defines the cumulative group ot 


wells as a function of the 


has been injected 


As another example. the gas oil ratio at the first group of 


wells after breakthrough in a gas injection operation is given 
by 
7BQ 
(15) 
} \0 
SCF 


where R is the gas oil ratio STB 
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ILLUSTRATIVE EXAMPLE 


Since this paper is intended primarily for the use of pra 
tical engineers, a numerical example illustrating the use of 
the methods proposed here will be given in detail. The cas« 
to be considered is a reservoir initially above saturation pres 
sure with production occurring behind the front. The con 
stants of the system are listed below: 


Fluid Properties 

Flooded Volume 
0.60 ep 
0.022 cp 


SCF SCI 
600 


STB STB 

rvb rvb 
1.20 1.32 

STB STB 


SCI 


Initial 
0.93 ep 


oil viscosity « 


gas viscosity u, 


gas solubility S 
formation volume factor 8 


gas conversion factor ¥ 1160 


rvib 
The values shown are obtained by measurements on the ini 
tial under-saturated oil and on oil just brought to the satura 
tion point by the addition of gas. 


Reservoir Properties 
V, = 29x 10° bbl = Pore volume swept by front when in 
jected gas breaks through the first group of producing 
wells. 
66 x 10° bbl = Pore volume swept by front when in 
jected gas breaks through second group of producing 
wells. 
gq, = 24 before breakthrough. 
= 12 after breakthrough. 
= total production rate of first group of producing wel 
relative to gas injection rate (measured on reservoir 
volume basis). 
pe, = 0.40 = connate water saturation. 
Relative Permeability 
0.20 0.25 
0.208 0.796 
0.150 0.044 


0.35 
31.6 
0.0016 


0.30 
3.30 
0.011 


Py 0.15 
k,/k 0.043 
v 0.460 


The curve marked \ = 0 in Fig. 3 is the plot of gas satura 
tion vs log ¥,. The curve marked \ = 0.0039 is a plot of gas 
saturation us log (¥, + 0.0039); since this curve is straight 
over a large range, \ is taken to be equal to 0.0039 for this 
example. 

The constant @ is given by the intercept of the straight por 
tion of the curve and the ordinate ¥, + \ = 1; here @ = 0.12 

The constant w is given by the negative of the slope of the 
straight portion; in this example w = 0.0426. 

The fraction of the flowing stream which is oil is then repre 
sented by 

0.12 —p, 
0.0426 
=e 0.0039 

Breakthrough saturation is calculated from Equation (13 
The constant C, in Equation (13) has the value 0.00305. The 
value of y which satisfies Equation (13) in this case is 7.87 
Then 

600 — 400 
(1160) (1.32)-— 600 + 400 


0.0426 


Peet (1 -0.40) 


Or Pye = 0.203 


Vol. 195, 1952 


fo-GAS SATURATION 


¥+A—OIL FRACTION OF FLOWING 
STREAM PLUS ARBITRARY CONSTANT 


FIG. 3— GAS SATURATION PLOTTED AGAINST LOG (, + A) FOR 
ILLUSTRATIVE EXAMPLE. 
With A 0.0039, curve is practically straight over a wide range. The 


constant “# is determined by the value of saturation when WV, + A = 1. 


and ¥ = 3.36 
The amount of gas which has been injected when break- 
through occurs at the first group of wells is obtained from 


Equation (3): 
29x10 
Q 8.65 x 10° rvb = 10.0 x 10° SCF gas. 
, 3.36 
a 
The gas oil ratio at the first group of wells after break- 
through is given by Equation (15). 
15300 
R 936 
1.235x10° — 0.0039 Q STB 
rhe wells in this field are abandoned at a gas/oil ratio of 
SCE 
a the amount of gas which has been injected when 


30,000 


the first group of wells is abandoned is determined by setting 
R 30.000 
QO 23.2 x 10° rvb = 26.9 x 10° SCF gas. 

Phe cumulative oil production of the first group of wells 

it breakthrough is 
(q.) (Qu) (2/3) (8.65 x 10°) 
\ = 4.80 x 10° STB oil. 
p 1.20 

After breakthrough the cumulative oil production of the 

first group of wells is given by Equation (14): 


\ 


4.80x10 0.0039 |dQ 


v ] —_— 


1.32 8.65x10° 3 ) 


4.89 x 10°+ (0.312 x 10°) log -9.85x10* Q STB 
8.65x 10" 
At abandonment (OQ 


tion is 


23.2 x 10° rvb) cumulative produc- 


\ 5.17 x 10 


STB oil 
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The saturation distribution in the reservoir zone between 
the first and second group of wells after the first group of 
wells has been abandoned is determined from Equation (7) : 

(1-1/3)dQ +. Q (1-0)dQ} 
v 


dQ } 


for saturation less than abandonment saturation. 

The amount of gas which has been injected when break 
through occurs at the second group of wells is obtained by 
setting | J 

Q 24.5 x 10° rvb = 28.4.x 10" SCF gas 

Note: If breakthrough at the second group of wells had 
vccurred before abandonment of the first group of wells, it 
would be necessary to determine the saturation distribution 
existing in the second zone before abandonment of the first 
group of wells. 

The gas/oil ratio (constant before breakthrough) at the 


second group of wells after breakthrough is given by: 


o & ‘ 1 
Q-1/3Q, 


1530(Q 


2.43 x 10 


7.33 x 10°) 
930 
0.0039 Q 


The amount of gas injected when the gas /oil ratio is 30,000 
SCF 

is 
STB 

Q 52.4. x 10° rvb = 60.7 x 10° SCF gas 

The ratio of the total volume flow rate head of the front to 
that behind the front is obtained from Equation (6): 
(1160) (1.20) 


(1-—0.40) 
(1160) (1.32) 


(1160) (1.20) 


600 + 400 
(3.36) = 0.952 


(1160) (1.32) — 600+ 400 


At breakthrough in the first group of wells 8.65 x 10° rvb of 
gas had been injected but only (0.952) (8.65x10") 8.24x10° 
rvb of oil had been produced. Since 2/3(8.65x10") rvb were 
produced at the first group of wells, the production at the sec 
ond group of wells was 2.47x10° rvb or 2.06x10° STB oil. 

At abandonmént of the first group of wells 23.2 x 10° rvb of 
gas had been injected or 14.6x 10° rvb since breakthrough 
One third of this volume was voided at the first group of wells 
in the form of both gas and oil with 2/3 or 9.73x 10° rvb 
entering the second zone. Hence, the production from the se« 
ond group of wells during this phase is (0.952) (9.73 x 10°) 
9.26 x 10° rvb or 7.72 x 10° STB oil. During the phase of pro- 
duction between abandonment of the first group and break 
through at the second group of wells a total of 1.3.x 10° rvb 
of gas was injected which corresponds to (0.952) (1.3 x 10°) 
1.24x 10° rvb or 1.03x 10° STB of oil production. 
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The total cumulative production of the second group of 
wells at breakthrough is (2.06 + 7.72 + 1.03) x 10° = 
10.81 x 10° STB of oil 

After breakthrough 


then 


ie cumulative oil production is given 
by 


Vv 


on 


10.81 x 10 


¥.dQ 
3 “24.5x10 C 
v 
l f wh 1/3} 
10.81 x 10 } \1dQ 
1.32 “24.5x10°[ Q-1/3Q 


Q -7.73 x 10 


« 


10.88 x 10° — 0.00296 QO + 1.82 x 10° log 


16.8 x 10 


The cumulative production at abandonment is obtained by 
setting Q 52.4 x 10 
\ 12.51 x 10° STB 
The total production for the field is 12.51 x 10 
17.68 x 10° STB oil 


5.17 x 10 
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APPENDIX A — NOMENCLATURE 


Cross sectional area, sq ft 
Porosity 
Relative permeability, md/md 
oil production, STB 


volume 


Cumulative 
Potal 


rvb /day 


reservoir flow or injection § rate. 


lotal reservoir volume production rate of the n 


rvb/day 
group of wells relative to injection rate 
rvb day 


Total volume of fluid injected. rvb 
SCF /STB 
factor. SCF /STB 


Gas /oil ratio 


Gas solubility 
Time, days 
Pore volume ene losed by surface of fixed satura- 
tion, rvb 

Distance from injection point, ft 
Formation volume factor. rvb/STB 
Gas conversion factor, SCF /rvb 

Ratio of front to 


behind front 


flow rate ahead of flow rate 
Constant 
Constant 
Viscosity 


phase cep/ep 


ratio of displacing phase to displaced 
Saturation 

Fractic 
Constant 


mal flowing stream 
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Subscripts 


b Breakthrough 
d Displacing phase 
g Gas 
i Initial 
Mean 
Number 
Oil 
Water 


TURA- 


APPENDIX B— BREAKTHROUGH SAT 
URATION 


G 
TION — RESERVOIR BELOW SAT 
PRESSURE 


to Fig. 1, the area enclosed by the 


0 is 


Referring 
the axis } 


‘ 


a Ovadasa=Q=Et+Bt+D 
p 


rhe area D is 


p 
D=f 
P. 
volume of displacing fluid which has flowed or 


ti 


OV, dey = OV5, 


of the volume V, 
The area E plus C must equal the volume of injected fluid 
less the volume of displacing fluid which has flowed out of 
or Q dD. 


area B must equal 


the volume V, 


Therefore area C. The condition that 


area C equal area B is 


p. ’ 
{ OV. dp, 
Par 


OV ay (Par + O(1— Var) 


from which 


Pur = 


APPENDIX C — BREAKTHROUGH SATURA- 
TION — RESEVOIR ABOVE SATURATION 
PRESSURE 
Referring to Fig. 1, area D is zero for this case and area F 
plus C must equal the volume of gas which has been injected 
less the volume of gas which has gone There 
area B must equal area C plus the volume of gas which 


into solution. 
fore. < 
has gone into solution. 


The volume of gas which has gone into solution may be 
determined by considering the quantity of oil left behind the 


front. The volume of oil left behind the front is 


Vip » O11 = Py = Pew) 
where p,,,, is Pas mean oil sstucstion behind the front 
is the mean free gas saturation behind the front. Now, 
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the volume of oil left behind the front is 


’ l-¥, 
¥ OF l-p.-s 


Phen, 


Ihe amount of gas originally in solution in this volume of 


di 
SCF. The 


p 


vil is VY,» Op amount of gas in solution in this 
7 


volume of oil after it is saturated is Vy Qpom 
8 
+ 


SCF. The 


into solution in this volume of 
divided by the 


volume of gas which has gone 
difference of these 
S S 


oil is the gas conve rsion 


factor: V.»QUp rvb. 


7p 
YF 


Then area B must equal area C plus the factor 


S-S, 


0 


from which 


APPENDIX D— BREAKTHROUGH SATURA- 
TION — PRODUCTION BEHIND THE FRONT 


given by Equation (7) for the saturation 
is equivalent to the solution 


The solution as 
distribution in the second zone 
for a one-zone reservoir in which both gas or water and oil 
are injected so that the saturation of the displacing phase at 
to py in a known manner 


That is. Equation (7) may be written as 


(os) J 


the injection point varies from p,q, 


with time 


V-V,=,[P(Q)-¢ 


where 


Q 
P(Q) { (] 
0, 
total volume of both gas or water and oil which has 
entered the zone since breakthrough 


nl nin f a 
0, 

, is a function of p, such that it describes the 

the saturation at the boundary of the two zones with quantity 


q dQ 


q \dQ 


variation of 


injec ted when V equals a 
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The area enclosed by the curve and the line } } 
is 


Par 


¥, Pdp, + 


Area = 


+ (P 


dP 

dQ 
dO 

v 

| ¥, (py) 1 

a) 


total volume of the displacing phase which has en- 


q.:)dQ 


tered the zone. 

Since the area enclosed by the curve is equal to the total 
volume of the displacing phase which has entered the zone 
and since the dotted portion of the curve is a multiple of the 
curve obtained for the first zone, the same relation must hold 
here for the areas identified as B and C in Fig. 1 and there 
fore the front is the in the 


saturation at the second 


zone as in the first. 


same 


In a similar manner it may be shown that the saturation at 
the front does not change as the front progresses through the 
remaining zones. 
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APPENDIX E—RATIO OF FLOW RATES 
AHEAD OF AND BEHIND THE FRONT 


Consider a small fixed section containing the front. The 
difference in the rates at which gas enters and leaves this sec- 
tion must be equal to the rate of accumulation of gas in the 
ection; 1.@., 


Ss fA dx, 
(l-p.) 
i 5.61 dt 


rhis equation must lead to the same expression for p,. as 
that given by Equation (5): a comparison shows that IT must 


be equal to the expression given by Equation (6). * * * 
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THE QUANTITATIVE ASPECTS OF ELECTRIC LOG 
INTERPRETATION 


J. E. WALSTROM, STANDARD OIL CO. OF CALIFORNIA, SAN FRANCISCO, CALIF. 


ABSTRACT 


While intensive research continues to promote a more con 
plete understanding of the potential and resistivity measure 
ments that comprise the electric log. it is believed that con 
sideration should also be given to translating these numerous 
and often widely separated findings into a coordinated and 
readable body of fundamental facts designed specifically for 
the petroleum engineer and geologist. Although provision i 
made through publication for a ready exchange of new theo 
retical concepts, it is also desirable to provide reviews and 
appraisals of the more established techniques and method 
from the operating standpoint so that an economic and pra 
tical application may be realized concurrently with the the 


retical With 


author reviews the present state of electric log interpretation 


progress. these basic premises as a guide the 

The paper ts directed not so much to the logging or research 
specialist as to the petroleum engineer and geologist to whom 
the electric log is only one of the many tools which he em 
ploys. Frequently, these persons do not have the time to fol 
low in detail the many specialized contributions that appear 
and, asa consequence, are not ina position to plac e these cor 
to the art as 


tributions in proper relation to each other, or 


a whole. 

The paper reviews the basic steps in making quantitative 
log of the amount of oil or 
in subsurface formations and also discusses the 


determinations from the electric 
fas present 
degree of reliability of these determinations under various 
conditions. The paper also indicates the trend of future devel 
logging systems and methods of inter 


opments in electric 


pretation. 


INTRODUCTION 


The electric log has been used about 20 years as a means 
for studying the formations penetrated by a well bore. The 
first half of this period is characterized by the development 
of suitable logging techniques and equipment. Although prog 
ress in this direction is continuing at a satisfactory rate, the 
last ten years are characterized more by an increasing interest 
in methods of electric log interpretation. During this period 
a large number of fundamental papers have been published 
expounding various logging techniques and particular phase 

References given at end of paper 

Manuscript received in the office of the Petroleum Branch Oct 


1951. Paper presented at the Fall Meeting of the Petroleum Brar 
Los Angeles, Calif., Oct. 25-26, 1951 
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of the interpretation problem. Many of these papers represent 
important contributions, and a few are classic. 

This paper is an effort to outline as concisely as possible 
and in simple terms the main course of progress in electric 
log interpretation. More specifically, it is the purpose of the 
paper to review the necessary elements and basic steps used 
in making quantitative determinations of water saturation from 
and to point out the degree of reliability of 
different conditions, 

It is strongly advised that the operating staffs of the drilling 


the electric log: 


these determinations undet 


and exploration departments of oil companies cooperate whole- 
heartedly with both the electric logging service companies and 
research organizations in the testing and development of new 
logging systems and interpretation methods. One purpose of 
the paper is. however, to indicate the degree of caution which 
must be exercised in placing confidence in new techniques 
that been thoroughly 
It is entirely possible to be cooperative 


and interpretation methods have not 
tested in the field 
in trying new methods and yet 


reluctant to believe in the 


results until the methods are firmly established. 

It is important to define the meaning of quantitative electric 
log interpretation. In the most general sense, an interpretation 
of the log has been made when the electrical characteristics of 
the formations, as portrayed on the log, have been translated 
into terms describing the formation geometry, rock type, or 
iny other physical characteristics of the formations. The deter- 
mination that the top of a sand is at a certain depth is an 
interpretation of the log. Structural determinations made by 
correlating electric logs from a given area are also interpreta- 
The term quantitative interpretation, how- 


tions of the 


ever, will be used in this paper in the restricted sense to 
indicate the determination of the water saturation of a forma- 
tion. This determination defines the fluid content of an oil and 
gas productive formation only if the porosity is known, and 

that the contains 


This assumption is believed to be true for most 


it assumes remainder of the pore space 
hydrocarbons 
formations. The quantitative electric 
said to be a determination of the 


which the water saturation, 


oil and gas productive 
log interpretation may be 
fluid content only to the extent 


under the conditions given above. defines it. 


THE BASIC STEPS 
The fundamental steps in calculating water saturation from 
the electric log are 
1. Determination of the true resistivity of the formations from 
the apparent resistivities as recorded on the electric log. 
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2. Determination of the water saturation of the formations 


from the true resistivities 
Having taken these ste ps. and having considered the results 
data, it 


in conjunction with other available then becomes 


possible to: 


3. Predict the type and possibly the amount of fluid produe- 


tion from the formations. or 


1. Utilize the determination of water saturation in calculating 
reserves, planning remedial operations. or making a strati- 
graphic or structural analysis 
Steps | and 2 comprise the determination of water satura- 

steps 3 and 4 comprise the practical application of this 

Although the 

several uses, some of which are outlined in step 4, this paper 

2 and with the 

ot 


Che results of step 5 


thon 


determination quantitative interpretation has 
is more specifically concerned with steps 1 and 
of the 


water saturation as indicated in step 3 


practical application quantitative determination 


ire of considerable value when dec iding what zones to ine lude 


in the preduction when completing a development well and 


when evaluating the formations exposed in an exploratory 


well, 
In all of the steps indicated above. information obtained by 


other logging and testing methods is almost invariably used 


to supplement the electric log information. This is particularly 


of ind 4. This coordinated of the several 


sampling. testing and logging methods. in order to obtain the 


true steps 3 use 


most efficient evaluation of the production possibilities of tor 


mations, has been previously reviewed.’ Therefore, “interpret 


ing” the electric log usually implies using all of the informa 
tion that is available. 

The dynamic characteristics of a reservoir, as evidenced by 
its ability to 


of the electric 


produce fluid. are not well resolved by means 


log. Adequate formation pressure, for instance 


for 
the electric 


is necessary a reasonable production of fluid but is not 


Expressed simply; what is 


or it 


ina 
two different 


The electric log pertains chiefly to the former 


log 


evaluated by 


-and. and what will come out are often 


matters 


DETAILS OF STEP 1 — TRUE RESISTIVITY 


Determination of true resistivity from apparent resistivity 


as noted above. is the first step in caleulating water saturation 
the There 
indicated 


factors which 


the 


three 
ot 


from electric log are 

the resistivity, as 

to differ 

These factors 

l. Hole effect 
umn of drilling fluid 

effect: the effect of 


formation around the well bore 


cause 


on any resistivity curves 


from the true electrical resistivity of the formations 
are: 

the effect of the presence of a conductive col 
invaded 


the oft 


This zone. which 


2. Invasion 
of 


vary 


presence in 
zone 
to several feet. is 
Its electrical 

is ordinarily different from that of the uninvaded formation 
3. Bed thickness effect 
the 
and since the thicknesses of the subsurface 


may in extent from a few inches 


invaded with drilling fluid filtrate resistivity 
the effect of 


electrical 


the presence of neighbor 


ing strata. Since system used has 
a finite length 
strata may or may not be large in comparison to that length. 
the that is made is affected by 
than one stratum. In the apparent resistivity is 
of but of 


These three effects must generally be 


measuring 


measurement often more 


this case 


characteristic not one stratum several 


considered. Since they 
are interdependent they must be corrected for simultaneously 
In many instances one or more of these pe rturbing effec ts may 
be of minor importance, in which case consideration need be 
Part of the of electric 


given only the remaining factors art 
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knowing which of these effects 
Thus 


noninvaded formations. is not pronounced 


log interpretation 


ire 


important to n iven conditions 


l. Hole eff ' 


ind 20 ft three-electrode svstems. provided the 


formation resistivity is not greater than about ten times 


the drilling fluid 


resistivity 


drilling fluid 


This implies a conventional 


water base ind hole size. 


effect Is not 


Invaded zone pronounced when the invaded 


zone resistivity is y equal to the true resistivity. It is 


the 


near 


ilso not important when depth of invasion of the fil 


all 


effects decrease 


trate is very 
Bed thi in importance as the thick 
beyond the 


system employed. and are usually 


ckness 
t the several 
the 
importance In 


media 


ness © stratum increases 


times 
electrode 


length of 


of less low resistivity media than in high 


resistivity 
Hole Effect — The Effect of the Conductive 
Column of Drilling Fluid 


When considering the 
to 


effect of the mud column. it is neces- 
the 


of the hole and the resistivity of 
the formation being studied. When 


-ary diameter 


the 


AnOW 
drilling fluid 


fairly 


opposite 
well consolidated sandstone formations, ot 
do of the drill 
in approximation of the diameter of the 
that the 
ious. If 


! 
dealing with 


other for io it not cave, the diameter 
bit n 
hole error in this manner 
the 
ipproximation, tt running 

vice The the 


ie resistivity from the long spacing three-elec 


introduced 
doubt 


may 


ser any exists 
he 


introduced 


concerning 
removed by 
error inte deter 
mination 
trode 
the 


introduced trom 


in the diameter of 
to 
The running of a caliper device 
the 
formations is unknown. and where the caliper 


curves oa ten per cent error 


bly be 


sources 


hole. wil small in comparison errors 


other 


is probably warranted in exploratory drilling. where 


nature ol the 
eurve may other ways than that mentioned above. 


is obtained 


issist if 


resistivity of the drilling fluid opposite the formation 
of a drilling 
ind the bottom hole 


reading thermometer 


from the resistivity fluid sample as 
measured . f € 
recorded by n cimun 


the 


temperature as 
when running 
the formation lies distance 
hole it 


subtracting the appropriate amount from 


electric ) irvey. If some 


bottom of the is desirable to calculate a 


ibove the 
reduced t n 


the be 


perature 


ttom hole temperature. Charts are provided that readily 


convert the drilling fluid resistivity from the surface tempera 


ture to the temperature opposite the formation. 


Invasion Effect — Effect of the Invaded Zone 
If the 


from that of the 


ty of the invaded zone differs considerably 


ininvaded formation. there will usually be a 


the resistivity 
that 


flects more nearly the true 


corresponding difference between apparent as 


recorded by a very short spacing system. and recorded 


ystem whic h re 


invaded formation. This is important from 


invasion implies permeability and shows 
to record more than 


why it is desirable 


resis 
he 


instance 


zone cannot 


for 


the invaded 


ot 


The paral hat describe 


determined curately. The extent invasion, 
depends 
lL. The de i il tvpe of the 
2 The rat 
3. The duration of the 
ing fluid 
The perme ind 


Althoug! | I ‘ 


learned 


drilling fluid 


exposure of the formations to the drill 


of the 
f the invaded zone has been studied 


The mixing of the drilling fluid 
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filtrate and formation water and the displacement of oil in th: 
invaded zone must be taken into account. Attempts have beer 
made to utilize quantitatively 


invaded measurements 


but these have not been established on a firm basis and car 


zone 


not be depended on in the general case. This does not condemr 
the use of such special methods under those particular cond 
tions in which they are known to give fairly good results 


The short spacing two-electrode curve (usually 10. in 


or 
16 in.) is ordinarily used to indicate the nature of the invaded 
. 


zone. and consequently can be used to show the absence 
presence of permeability. It can also be used to detect the 
presence of oil in the invaded zone. Furthermore, since its 
spacing is small. it is less affected by bed thickness effects 
and thus gives a more correct picture of the geometry of th 
sedimentation than the longer spacing systems. 

The true resistivity of the uninvaded formation is best deter 
mined by employing a sufficiently long spacing to minimize 
This 


possible under certain conditions and provided the formation 


the influence of the well bore and the invaded zone 


is much thicker than the electrode spacing employed. Thi 
will be discussed more fully in a following section. 


Bed Thickness Effect — Effect of 
Neighboring Strata 


The influence of neighboring strata is a very complicated 
effect. since their thicknesses and resistivities all enter into 
the problem. In fact, even the simplest case: that of a singl 
sand of finite thickness lying in an infinite shale and pen 
trated by a well bore of uniform diameter and resistivity. ha 
not lent itself to accurate calculation by analytical method 
\pproximate methods of calculation and model experiment- 
resulted in demonstrating bed thickne 
effects for this simple case for two-electrode systems.’ Unfor 
tunately, the relationships that have been published up to the 


have nevertheless 


present time do not apply to the long spacing three-electrod« 
systems that are commonly employed. 

If the length of an electrode system is small in comparison 
to the thickness of a tormation, the apparent resistivity re 
orded opposite that formation will be determined by the tru: 
formation invaded zone effect. and the hol 
effect. If. however. the thickness of the formation is less than 
two or three times the length of the spacing. neighborin 
formations affect the reading of apparent resistivity. 

Bed thickness effects probably introduce the most serious 
error in the calculation of true resistivity. This is particularly 
true for beds less than 30 or 40 ft in thickness. Much progress 
will probably be made in the next few years toward improving 
our knowledge of hed thickness effects and designing electric 
\The 


latter has to some extent already been accomplished by devel 


resistivity. the 


logging systems that are less susceptible to these effects 
oping systems of electric logging that tend to confine the 
current distribution to a horizontal segment of formation 

As far as bed thickness effects are concerned, it is desirable 
to use an electrode spacing small in comparison to the thick 
ness of the average stratum. From the standpoint of deter 
mining true resistivity. however. it is desirable to use a long 
electrode spacing so that the region of the investigation is 
composed primarily of uninvaded formation. These tw: 
requirements are opposed to each other and may he said t 
be the dilemma of electric logging systems. This condition of 
diametrically opposed requirements again demonstrates the 
desirability of recording more than one apparent resistivity 
curve. The small spacing curve provides a means for studying 
the hole and invasion effects and the long spacing curves are 
primarily used for determining the true resistivity. If the 
hed is sufficiently thick. it is desirable to use the 
spacing for the true resistivity determination and the inter 
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length da check 
stricted thickness. one must frequently depend upon the inter- 


mediate spacing as In beds of somewhat re- 


mediate spacing curve for the true resistivity determination. 
The two long spacing curves thus supplement each other in 
their findings 

In thin beds, of much less than 30 or 40 ft in thickness, 
it is at present oftert impossible to determine the true resistiy- 
satisfactory degree of 


itv with a accuracy, 


The Departure Curves 

Departure curves permit the determination of true resistiv- 
ity for various values of electrode spacing, apparent resistivity, 
invaded zone resistivity. drilling fluid resistivity, bed thickness, 
ind hole diameter Separate curves are provided for various 
values of the diameter of the zone of invasion. Departure 
infinitely thick both 
three-electrode Unfortunately, curves 


a finite thickness of stratum are for the most 


curves for beds are available for two 


electrode and systems 
that apply to 
ivailable only for two-electrode systems. This is a par 
where both of the long 


pacing electrode systems are of the three-electrode type. When 


part 
ticular disadvantage in California 
using the departure curves referred to above, it is particularly 
important to read the limitations that are imposed on their 
application. as outlined at the beginning of the publication. 
One factor that limits the successful application of depar- 
ture curves is the difficulty of being able to choose proper 
values tor the effective diameter of the invaded zone and its 
effective 
net uniform throughout 


resistivity. The properties of the invaded zone are 


its cross-section and therefore effec 
accurately 


which most 


limitation, and 


chosen 
Another 
general nature, results as a consequence of the large number 


tive values must be represent 


the true conditions one of a more 
of parameters describing the problem, some of which are not 


known accurately. Consequently. the application of departure 
curves to the determination of true resistivity sometimes causes 
doubt 


This is particularly true if one must determine resistivity from 


a feeling of concerning the accuracy of the results. 
three-electrode curves since. in this case, there are only those 
thick beds 

In order to gain a good understanding of the relative mag 
nitude of bed thickness effects. it 
that the engineer or geologist study carefully the departure 


curves for infinitely 


invasion and is suggested 
for instance. by choosing several values for 


effect of 


invasion on the electric log. By solving 


eurves He may 


the diameter of the invaded zone. determine the 


various amounts of 
many examples of this sort it is possible to learn much about 
he effect on apparent resistivity due to the presence of the 
invaded zone. and neighboring strata. Knowl- 


mud ( olumn 


gained in this manner is of value in determining when 
effects are of 


negle« ted. 


edge 
these 1 serious nature, and when they may be 
ee 

A person well acquainted with the fundamental behavior of 
systems might. in a particular case, decide to 
that an 


be unreliable 


electric logging 
electric log interpretation 
This fact alone can be of 
consider ible economic only 
to know what the electric log can do, but is equally important 
Disregard of these limitations may be 


formation test knowing 
would in any case 
significance. It is not important 
to know its limitations 


is serious. if not more so, than an ignorance concerning the 


basic fundamentals 
DETAILS OF STEP 2— DETERMINING 
WATER SATURATION 
Once the value of true formation resistivity has been deter 
mined as closely as possible. it is used in obtaining the water 


-aturation. 
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The relationship between the electrical resistivity and water 
rocks studied Electrical 
rocks nature and takes place 
in the water channels. The 


~aturation of has been extensively 


conduction in is electrolytic in 


resistivity of a clean sand, free of 


irgillaceous material, is determined by the amount of inter 


stitial water per unit volume of sand, the electrical resistivity 


of the manner of distribution of the 
that the 


resistivity of such a sand saturated 100 per cent with a brine 


interstitial water. and the 


l shown 


water channels in the sand. It has been 
solution is proportional to the resistivity of the brine solution 
ind may be expressed by 

R FR. = ’ « 
where RK. represents the electrical resistivity of the brine satu 
rated sand, Ry, 


ind F is a 


factor 


represents the resistivity of the brine solution 


formation resistivity factor: or. more briefly, for 


mation con 


rhe relationship has been verified over a 
siderable range of porosities and salinities 
As would be 


formation factor depends upon the 


exper ted from the above considerations. the 


porosity of the sand and 


the manner in which the veid space is distributed throughout 


the sand. The formation factor is a unique parameter which 


issists in describing the physical nature of the sand. It is 
clay free sand. be defined as 


fully 
resistivity of the brine solution filling its pores. 
these 


dimensionless and may. for a 
saturated sand to the 
It is by taking 


is determined experimentally 


the ratio of the resistivity of the 


resistivities 


that the 


the ratio of 


in the laboratory formation factor of such a sand 


is determined 


By displacing various amounts of the water in the inter 


stices of a fully wet clay-free sand with a nonconducting fluid 


such as oil, it has been demonstrated’ that the true resistivity 


ind water related by the fol 


saturation may be empirically 


lowing equation 


R RUS e ° « (2 


where S represents the water saturation, and n is called the 


saturation exponent. A value of 1.9 or 2.0 is often chosen for 


this exponent. If a value of 2.0 is used, the water saturation 


becomes equal to the square reot of the ratio of the resistivity 
of the 100° per sand to the resistivity of the 


cent wet true 


sand. This may be expressed as follows 


‘ (R./R,) 
This relationship has twe important applications: 


1. If the true resistivity of a particular sand can be determined 


electric log. and if the resistivity of this sand when 


from an 
it is 100 per cent wet can be determined from another log 
water saturation of the sand shown on the 
calculated by taking 


This method is subject to the 


in the area. the 


first log may be the square root of the 


ratio indicated above follow 
ing assumptions which are not always justified 
(a) It is assumed that the 


its interstitial 


physical characteristics of the 


sand and water are the same at the two 
locations 


(bi It 


the sand is free of 


is assumed that the exponent 2.0 applies and that 


irgillaceous material 
thick sand is 


portion ts low. the 


resistivity in the 


and the 


Lf the 
high 


water 


top portion of a very 


resistivity in the betton 


saturation in the top may be obtained by 


portion 


taking the square root of the ratio of the-e two resistivitie- 


n 


This method is subject to the following assumptions which 
are not always justified 


(a) It is assumed that the true resistivities mav be deter 


mined from the electric log 
(b) It is assumed that the resistivity in the bottom portion 
of the sand cent 


represents the resistivity at LOO) per 


water saturation 


PETROLEUM TRANSACTIONS, AIME 


THE QUANTITATIVE ASPECTS OF ELECTRIC LOG INTERPRETATION 


It is assumed that the 


physical characteristics of the 


sand and its interstitial water are the same in the 


ipper d lower portions of the sand. 


(ad It is 


the sand ts 


issumed that the exponent 2.0 applies and that 
irgillaceous material. 


free of 


In making decisions on a basis of electric log calculations 


it important to know the assumptions that have been made 


and be prepared t idge 
ability Phe 
that the 


different 


their probable degree of applic- 
and 2(c). 
iracteristics of the 


assumption l(a) 


il ch 


positions 


noted above, imply 
sand are the same at 
(1), it is 


physi 


two From Equation apparent 


that this condition will be fulfilled to the extent necessary for 
these calculations 1 the 
This in 


sand is the 


formation factor is the same at the 
true if the 


same at the two positions, 


two turn will ordinarily be 


positions 
porosity of the since 


formation factor is primarily a function of 
The 
sand, RK... is by Eq 


stituting this value for R 


porosity. 
water saturated clean 
1) equal to the product FR,. Sub 


n Equations (2) thes 


resistivity of the 100 per cent 
lation 
and (3) 
hecome 

R FR.S ‘ YS oa ee 

>) FR R ° . (3a) 
is applicable in those instances in’ which 
which R 


electric log 


Equatior ba 
both F and R ire 
be directly 


known and in may or may not 


obtainable from the 


The value of F may be determined from laboratory measure 


ments on cores obtained in the sand under consideration. The 


value of the interstitial water resistivity may be determined 


from water obtained in a drill stem test provided the amount 


sufficient to be representative of the 


ot water recovered < 


uncontaminated water. Representative interstitial 


water samples obtained from wells that are pro 


ducing exclus ! rom one zone and which vield some water 


that a high 


causes 


Equatior fundamental and _ indicates 


value of true r vity ay be due to three basic 
1) High F facto low 

(2 High 
3) Low 


porosity “tight” formations 


(fresh water) 
va o presence of oil or gas) 


important to understand this thoroughly and to b 


factors when evaluating highly resistive 


three 


expressing the resistivity of a clay-free sand 


in terms of its 100 per cent water saturated resistivity and 


the water saturation. demonstrates a convenient rule of thumb 


\ product ‘ . d tha 


water usual 


produces little or no interstitial 
saturation of less than 50 per cent. 
that has a 


Equation indicates such a sand 


resistivity of more four times its resistivity when 
The rule of thumb is consequently 
suallv has 


| iturated 


tT wy 
cent water saturation would of course result 


per cent 


that four times or more the resistivity 


with the same interstitial 
tv. It is important to emphasize that 
ib applies to sands that are free of clay 
ind for which the saturation exponent value of two applies 
ssion 
eel 
is much data as possible on the nature 
ind the of the 


oil productive horizons. 


concerning the relationship be 
resistivity indicates the great 
formation factor 


\ know ledge ot 


the values « ad of great importance to electric log 


value 


individual sands in 


interpretation 


The Exponent n in the Resistivity-Water 
Saturation Equation 
No relationship 


saturation 


between the water 


Equation 


has vet been found 


ind porosity or permeability 
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(2) is empirical and, as previously stated, it has been found 
that a value of 1.9 or 2 for n will often give a good relationship 
between water saturation and resistivity. There are, however, a 
few observers who have found that the value of n may differ 
appreciably from the value of two.’ There is even some evi 
dence that a value as high as 4.3 may apply.” 
that may be intro 
duced into a calculation of the water saturation due to at 
incorrect value of n: 


The following demonstrates the erro- 


Water 


Saturation 


Saturation 
Exponent 
n ; b | 
l 22% 
2: 32% 
10°; 
16°, 
For: R, = 2.0 ohm-m 
and. R, = 20.0 ohm-m 
The rather discouraging aspects of obtaining an answer that 
to the extent indicated in the above tabulation is 
apparent and makes it 
exactly should be expected of the electric log. For instance, if 
it could be determined with a reliable degree of accuracy 
that a particular 100-ft sand body, as revealed on the electri: 


may vary 


at once desirable to consider what 


log of an exploratory well, had a water saturation of between 
cent. it would readily be admitted that the 
electric log had performed a useful function. The sand would 


20 and 50 per 


obviously be formation tested and. if necessary. casing would 
be set to make the evaluation. This again shows that a prop 
erly coordinated use of all of the testing and logging methods 
is necessary. The electric log is often used in explorator 

drilling as a means either to justify. or not justify. the co 

of further and more diagnostic testing. 

It is important to point out that in development drilling 
there is little excuse for discrepancies such as indicated above 
Cores taken in the producing horizon may be analyzed and 
values of the water saturation exponent determined. Further 
more, resistivity values as obtained from electric logs may be 
compared with capillary pressure water saturation data ob 
tained in the laboratory. 

One of the problems that remains to be solved is the nature 
of the dependency of the water saturation exponent n on the 
physical characteristics of the sand. It is even possible that 
the empirical relationships between resistivity and water 
saturation that have been established may not be in the best 
possible form. An analytical, rather than an empirical. devel 
opment of a relationship between resistivity and water satura 
tion is highly desirable but has not been obtained. Investiga 
tion in this direction offers a fertile field for the theoretically 
inclined researcher. 


The Effect of Clay in Sands 

It has been demonstrated experimentally that sand whic! 
contains an appreciable quantity of clay shows a different 
electrical behavior than the same sand when free of sucl 
material and that the total conductivity 


comprised of the conductivity due to the interstitial water 


of a clayey sand i 
together with the conductivity due to the presence of wett 

clay." It is further demonstrated that the definition of forma 
tion factor previously given is valid only for sands that are 
relatively free of clay. For the general case. in which a sand 
may or may not contain such conductive material. it is neces 
sary to define the formation factor as the ratio of the resistiy 
ity that a sand would have when fully saturated with a brine 
solution to the resistivity of the brine solution were none o 
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the solid material conductive. The conductivity of a sand satu- 

rated 100 per cent with a brine solution may thus be written: 
( ( Ge 

where ( total conductivity of the 100 per cent saturated 

sand 

conductivity due to the wetted clay 

due to interstitial water not 


conductivity 
ciated with clay 

In terms of resistivity, which is the reciprocal of conduc- 
this becomes 


1/R l 


tivity 


R. + 1/FR, — ii 


It is apparent that if the wetted clay is assumed to be non- 


conductive (i. R. infinite) this relationship reduces to 


Equation (1) which is applicable to clean sands that are free 
of argillaceous material 

term R, complicates to some 
factor 


two unknown quantities must be found rather than one. It is 


The recognition of the new 


extent the laboratory measurement of formation since 


possible, however, by core sample with a very 


solution, to make the conductivity 


saturating a 


concentrated brine due to 
the interstitial water considerably larger than the conductivity 
due to the first 


term on the right-hand side of Equation (4) becomes insig 


presence of clay. In such an instance, the 
nificant with respect to the second term. The formation factor 


by R,. 


learned concerning the effect of clay 


can then be obtained simply by dividing R 
Much 


on the electrical behavior of fully and partially water satu- 


remains to be 


rated sands. The following points are offered as a practical 
guide to assist in understanding these effects until more quan 
titative information is available: 


l rhe 


reduced when argillaceous material is present. 


electrical resistivity of an oil sand is considerably 


2. The rule of thumb. previously referred to. and which states 
that the 


greater 


more times 
fully 


sands, 


resistivity of an oil sand is four or 


than the resistivity of the same sand when 


wet. must be modified when considering clayey 


Clayey sands may show an increase of only two or three 


times the resistivity of the fully wet sand. 

3. A decreased value of self potential on the electric log oppo 
site a sand may be due to the presence of clay. Although 

this 

a qualitative indication since reduced 


the presence ot clay may sometimes be detected in 


manner, it is only 
self potential may also indicate a change in the formation 
interstitial water salinity 


A de 


by the short spacing two-electrode curve opposite a salt 


reased value of the apparent resistivity as indicated 


water sand will sometimes be indicative of the presence of 
such a sand. 


5. The 


calculation of the water saturation may suffer an 
error unless it is known that the sand does not 

or unless a satisfactory method is employed 
of the 


6. A rather “poor looking” sand on the electric log should not 


contain clay 
to correct for the presence clay. 

to its low 
sand that 
All possible clues 
which might re veal the presence of clay should be noted. 
Although the 
sands is not known with any degree of accuracy, it appear- 


that this effect must be 


be overlooked on the premise that it is wet due 


resistivity. It may be a productive oil or gas 


contains an appreciable quantity of clay 
relative occurrence of clav in oil produc ing 


taken inte account in a considerable 


number of instances 


Interstitial Water Saturation of Oil Sands 


It mav be demonstrated ¢ xperimentally that as oil is vradu 
ally caused to replace the interstitial water from a sand orig 
inally 100 per cent water saturated, the water saturation will 


gradually diminish until it reaches a low value beyond which 
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it is not significantly reduced, even though the pressure on 
the displacing fluid is increased considerably. Comparison of 
these minimum water saturation values with water saturations 
determined from cores taken in oil base fluid, indicates that 
a somewhat similar displacing mechanism has probably been 
effective in the accumulation of oil in subsurface formations. 


When a 


preduced, little or no 


reservoir with such a minimum water saturation is 


water will flow since the easily remov- 
able water has previously been displaced. 


The that 


attached to it. adheres to the surface of the grains and in the 


water remains in an oil sand, and is so strongly 


small interstices by capillary attraction. The amount of water 


retained in 


an oil sand depends to a large extent upon the 
A high permeability sand retains 


retained in commercially productive oil sands will vary from 


permeability of the sand 


much less water than a low permeability sand. water 
approximately 10 to about 60 per cent. 
the 


permeability of the sand may be qualitatively understood when 


The dependency of the amount of retained water on 


it is considered that the specific surface ordinarily increases 
with decreasing average particle size. Since the latter implies 
decreasing permeability. it becomes apparent that more water 
will be retained on the increased surface of low permeability 
sands. 

The conclusion to be reached from the above considerations 
is that high permeability oil sands will show higher electrical 
resistivity than low permeability oil sands because the high 
For 
a given porosity the higher permeability will result in greater 
the this 


logs are useful in estimating 


permeability sand will contain less water and more oil 


reserves, due to lower water saturation. In way it 


becomes apparent how electric 

reserves, 
That 

resistivity 


the 


when one considers 


permeability is very important in determining 
of an oil sand, becomes clear 
that the resistivity of a clay-free sand is inversely proportional 


the High 


sands are consequently more easily detected on the electric 


to a power of water saturation permeability oil 
log than low permeability oil sands since they have consider- 
ably 

The resistivity of 100 per cent water saturated sands, com- 
called 
extent on permeability because the resistivity of such a sand 
is given by the product FR, 


tion of porosity and is to a much lesser degree influenced by 


greater resistivities, other factors remaining the same. 


monly “wet” sands. does not depend to any great 


in which F is primarily a fune 


the permeability. Since the porosity of a sand varies less than 
the permeability, water sands will usually give a flatter appear- 
ing resistivity curve than oil sands. 

The quantitative determination of permeability from electric 
log data has been considered” and it is indicated that it may 
be possible to estimate a lower limit to the average formatior 
permeability from the connate water saturation and formatior 
factor as computed from the electric Jog data. In development 
drilling. however. formation factor is determined from core: 
taken in the producing sand in which case permeability can 
there is little need 
the 


log when cores must be used to make this interpretation. If 


also be directly measured. Consequently 


for attempting to determine permeability from electric 
no other information is available except an electric log. such 
as is sometimes the case in exploratory drilling, it is not be 
lieved that the formation factor can be determined from the 
further 


permeability. 


with sufficient accuracy to warrant its use in 


log 


attempting to calculate ao minimun 


THE POTENTIAL CURVE OF THE 
ELECTRIC LOG 


The potential curve or SP curve. as it is often called. has 


universally been used to distinguish sand from shale. In the 
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light of that it dis- 


from nonshale formations. The idea that SP 


newer concepts, it is more correct to say 
tinguishes shale 
was primarily an indicator of permeability grew in popularity 
as a consequence of the fact that many geologic sections are 
composed almost solely of sands and shales. In such a geologic 
rela- 
potential curve indirectly became 


The older 


of considerable value provided 


section the nonshale formations are all sands and all 


tively perme ible hence. the 


correlatable with permeability. premises still find 


general application and are 


it is understood that exceptions to such reasoning may fre- 


quently occur 
It has 


mud column 


that electric the 


in the vicinity of sand-shale contacts. The poten- 


been established currents 


exist in 


tials produced in the drilling fluid by these spontaneous cur 


measured by suitable devices. The potential 


this 


rents may be 


variations recorded in manner comprise the potential 
a curve shows that at a sand- 
shale contact the drilling fluid opposite the sand is negative 
with respect to the drilling fluid opposite the shale. It is thus 


deduced that in the 


curve of the electric log. Such 


vicinity of the sand-shale contact electric 
mud column from the shale towards the 
the the 
= often of the order of a few thousandths 


flows in the 
Phe 


sand-shale contact 


current 


sand. total current flowing in mud column at 


ot one ampere 

thick shales. The 
electric current in the mud column, at the top of the sand, is 
At the bottom of the sand the cur- 


Consider a sand lving between two very 
in a downward direction 
rent is also in shale-to-sand direction so is upward in direction. 
Thus as the logging electrode enters the sand from the top, 
it attains a negative potential at the boundary due to the drop 
in electric potential encountered there. Nothing alters this sit- 
uation until the electrode leaves the sand at the lower bound- 
ary where it encounters an oppositely directed electric poten- 
tial drop in the drilling fluid. Since the conditions there are 
equal but reversed. the potential curve returns to its shale line 
wm the log. Since only changes of potential are indicated on 
the The shale 
line is usually conveniently sitnated a short distance from the 


curve. there is no zero line for this recording. 


edge of the recording tract 
that the potential differ- 


ence measured in the drilling fluid. when moving the measur- 


It was indicated at an early date 
ing electrode across a sand-shale boundary, is to a great extent 
contrast in the the formation 
drilling fluid fresh 
little difference exists between the drilling 


a result of the ion content of 


and the water 


water Opposite shallow 


horizons wi ere 
ind the formation water resistivity, a very flat 

The verifies the hypothesis that differences 
characteristics of the formation 
great deal to do with establishing the 


fluid resistivity 
curve is obtained 
electrical water and 


fluid 


in the 


drilling have a 


spontaneous potentials observed in a well bore. 

Much 
more exact explanation of the nature and origin of the electro- 
motive forces that are responsible for the potential phenome- 
Considerable effort has also been expended in estab- 


research has recently been devoted to obtaining a 


non 
lishing sound principles of interpretation of the potential curve 
of the electrie log.” It is believed that the results of these 
studies have increased considerably the ability of the engineer 
or geologist to use the potential curve of the electric log to 
Although both porosity and permeability 
in the potential phenomenon, it is 


better udvantage 


ire indirectly involved 
realized that the relationship is not simple and involves many 


other factors 


The 
sands causes a reduction in the magnitude of the potential 
a smaller SP development than 


of appreciable quantities of shale or clay in 


presence 


sands thus have 
This behavior has recently been discussed 


eurve. Silty 
clean silt-free sands 


detail.” It was indicated above that the potential 
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curve may qualitatively be considered to differentiate betwee! 


shale formations and non-shale formations. The reduced devel 


opment opposite clayey sands and sandy shales conforms t 


this concept since a shaley sand is less in contrast to 


than a clean shale-free sand. Since shaley sands are general 


less permeable than clean shale-free sands, it is once agai 
apparent why a relationship between permeability and poten 
tial was both natural and easy to imply. 

If a thick sand is oil or gas bearing in its top portion and 
fully water portion, it will often be 
noticed that the SP curve is slightly less developed opposite 
sand than opposite the lower 


saturated in its bottom 
the upper part of the portior 
This 
frequently used to assist in establishing the possible 
of hydrocarbons in a formation. This effect is noticed primar 
quite interstitial 


and is believed to occur chiefly in formations that contain an 
h 


reduced value of potential opposite part of a sand 


prese nce 
containing saline wate! 


ily in formations 


appreciable amount of shaley material.” The presence of su 


a reduction of SP, however, does not furnish proof that a 


sand is hydrocarbon bearing. 


been detected 


It was stated above that electric currents have 
in the drilling fluid in the 
boundaries, and that these currents usually flow in 
toward the sand. Consider overlying a sand. Upo 
entering the portion of the mud column opposite the sand, 
the electric outward and flows 
sand; then upward and across the sand-shale 
the body of the It then flows toward the 
and enters it above the contact to begin again 


immediate vicinity of sand-shale 
a directior 
a shale 
current diverges into th 
interface 
shale. mud colum 
sand-shale 
downward descent in the mud column toward the sand 
electric currents thus form a circulating vortex type of 
tribution in the neighborhood of the 
path of current flow thus includes as constituent parts (1 
drilling fluid, (2) filter cake 
invaded zone, (4) formation 
and (6) drilling fluid. The SP current distribution is shown 

Fig. 1 

In order for 
above. 


shale-sand contact 


on sand face, (3) water in the 


water in the sand. (5) shal 


electric current to flow in the ground 


described it is necessary that electromotive forces ex 


at one or more points along the path. This is analogous t 


the statement that the flow of fluid in a porous medium is 
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FIG. 1 — THE SP CURRENT DISTRIBUTION AT A SAND SHALE CONTACT 
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result of forces that act to produce a pressure differential 
the medium. 
sources of elec- 


They 


There is good reason to believe that three 


tromotive force exist in the svstem under consideration. 
iré 

(1) The liquid boundary potential 

(2 The 
(3) The 
three sot 
detected in the 


contacts, The 


shale potential 


streaming potential 
to the electric cur- 
column and formations in 


of these 


These 


rents that are 


irces of potential give rise 
mud 
poten- 


the vicinity of sand-shale nature 


tial sources will now be discussed. 


Liquid Boundary Potential 


Theory has established that an electromotive force exists 
contact of two solutions differing in their electrochemi- 
Such a contact exists between the drilling 
and the interstitial formation 


this contact is represented by phases (3) - (4) 


it the 
cal characteristics 
fluid filtrate in the invaded zone 
water. Since 
of the 
that this 


current flow 


is logical to assume 
electromotive contribute in establishing 
rhe potential so established is called the liquid 


current circuit described above, it 


force will 
with certain 
ratio of the 


potential and is, provisions, propor- 


arithm of the 


boundary 
tional to the log electrical resistivi- 


ties of the two solutions. 


Shale Potential 

It has been demonstra 
solid shale be interposed between two solutions differing in 
thelr the potential difference be- 
greater in magnitude than the 


ted experimentally that if a piece of 
electrochemical properties 
two solutions is often 
potential that would occur between the two 


shale 


of phases occurs in the current path considered above and is 


tween the 
liquid be 


solutions in. the 


undary 
absence of the barrier. Such a series 
vents (4). (5). (6). “e.. formation 
interstitial shale and drilling fluid. The potential that 
is lestablished in this for simplicity, be called 
the shale potential It is believed that the shale 
- ordinarily responsible for a large portion of the 
Like the liquid boundary potential, the shale 


represented by the elen 
water 
manner may 
presently 
potential 
total SP effect 


vwtential has been to be pro 


shown. with certain provisions, 
ratio of the electrical resistiv- 


in contact with the 


portional to the logarithm of the 


ities of the two solutions that are shale.” 


Streaming Potential 
If drilling fluid filtrate. o1 


solution. is caused to flow 


other similar electrochemical 

pressure through a semi- 
drilling fluid filter cake, an 
established 


solution is involved in 


under 


vermeable membrane, such as a 


leetric potential difference becomes across the 
a single 
and shale potentials in which 


formation 


nembrane In this case only 


ontrast to the liquid boundary 


involved the other being the 


The potential developed in this manner may 


two solutions ar 
interstitial water 
be called 


streaming of a 


streaming potential since it is produced by the 
fluid 
considerable 


filter cake 
developed in this manner in the 


membrane. 
exists 


a semipermeable 
differential normally 
a significant streaming 
well bore. 


through 
since a pressure 


across the opposite a sand, 
potential will be 
Since the filter cake constitutes phase (2) of the current cir- 
cuit previously discussed. the potential contributes 
to the total SP effect \ study of 


streaming potential phenome na has rec ently been made. with 


streaming 


quantitative laboratory 


the result that an empirical relationship has been derived for 
this effect 
Quantitative Use of the Potential Curve 

It was indicated pre viously that in order to be able to make 
the best possible interpretation of the electric log. it is neces- 
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sary to know the resistivity of the formation interstitial water. 
Much of the research concerned with well bore potentials has 
heen initiated with the primary object of finding a way to 
determine this quantity from the potential curve. Although it 
the 


it is not believed advisable. at the present 


is possible in some instances to determine resistivity of 


the formation water 
state of development. to place any marked degree of confi- 
preciseness of this determination in the general 


water 


dence in the 


case. The accurate calculation of formation resistivity 


from the potential curve depends upon the degree of validity 


of several Some of these assumptions are: 


assumptions 
streaming potential can be made 
that its 
leaving that 


that the 
either inconsequential or can be determined so 
effect subtracted the total SP. 
portion of the total potential from which the formation 


assumed 


can be from 


water resistivity is calculated. 

2. Certain assumptions concerning the electrochemical nature 
of the drilling fluid and interstitial water must be made in 
order that the theoretically derived equations may apply. 

}. It is assumed that the electric potential drops occurring in 

the formations are small in comparison to the ohmic poten 

The total electro- 

deter 


tial drop occurring in the mud column 


motive force of the SP phenomena is then closely 
mined by measurements made in the well bore. 
}. It is assumed that the effect of clay in sands can be taken 


into account when determining formation water resistivity 
from the SP curve 

5. It is assumed that the sand is sufficiently thick to allow the 
SP curve to attain its maximum deve lopment 
It has been suggested that the resistivity of the drilling fluid 

salt the 


of the interstitial water 


he lowered. by the addition of to approximately 


value of resistivity in the more inter 


esting group of formations. It is claimed that this would mini 
mize the value of streaming potential so that a more accurate 
determination of interstitial water resistivity could be obtained. 
-everal undesirable features of such a 


There are. however 


practice Thev are 


l. Highly 


curves 


conductive drilling fluid results in) poor resistivity 


». The addition of appreciable quantities of sodium chloride 
to the drilling fluid is in most instances undesirable. 
\ highly 
i redistribution of the 


conductive drilling fluid column would result in 


ohmic potential drops in the sand 


shale-mud column system. Such a redistribution would be 


in a direction to increase the percentage of the total ohmic 
in the 


drop taking place formations 


little doubt that the precision of 


the determination of 


There is 


nethods. for 


quantitative SP 


formation water resistivity 


will increase with further development and research. A word 
the tendency to 
the 


had a chance to prove 


advisable. however. against 


develop a 


tution is 


sense of security and confidence in results of 


theoretical relationships that have not 
fully 


themselves dependable in field application. 


THE POSSIBILITY OF DETERMINING WATER 
SATURATION USING ONLY THE POTENTIAL 

AND RESISTIVITY CURVES 
that 
determination of 


From what has preceded it is apparent three factors 
making a 
These factors are (1) Knowl 
knowledge 


of the clay character 


ire generally essential to water 


saturation trom the electric log 
resistivity of the interstitial water. (2) 


Knowledge 


edge of the 


of the formation factor, (3 
istics of the sand 


Factors (2) and (3) are ordinarily determined from cores 
and factor (1) 


it sample of formation water 


is determined by measuring the resistivity of 


Lacking these data the quanti 
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tative interpretation of the log usually becomes qualitative in 


nature. It is, however. interesting to consider what can be 


the electric 
tactor 


done with only log. and with no information con- 


cerning ftormation water resistivity or clay charac- 
teristics 

here is little question concerning the desirability of deter- 
m-ning water saturation from electric log data alone. A great 
advantage would be obtained. particularly in exploratory drill- 
ing, where interesting horizons that were not cored frequently 


log. For 


been 


show up on the electric many years an avenue of 


approach to such a goal has apparent. The reasoning 


nvolved is briefly 

1. Determine the formation water resistivity from the potential 
curve 

2. Determine the formation factor from a measurement of the 


invaded resistivity (This will be disc ussed 


fully.) 
k rom 


zone more 


(1) and (2) determine the resistivity of the fully 
sand (i.e., R FR.) 
Using this value of R 


saturation of the formation from the value of true resistiy 


wet 


in Equation (2). calculate the water 


itv as determined from the electric log. 
the of the drilling 
of the invaded zone. If then, 


Step (2) involves determining resistivity 
fluid filtrate and the 
the invaded zone could be assumed to be 100 per cent satu- 
rated with drilling fluid filtrate. 
ratio of 


resistivity 


the formation factor would be 
to the drilling 
Unfortunately. there are 


riven by the invaded zone resistivity 
fluid filtrate 
sons 
the 
Some of these 
l. If the 

100 per cent saturated with drilling fluid filtrate. 


resistivity several rea- 


why such a simple method cannot be used. at least at 


present time. for the determination of formation factor 
reasons are 

formation contains oil, the invaded zone will not be 
?, No accurate means is presently available for determining 
the resistivity of the invaded zone. There is. however, good 
reason to believe that such tee hniques may be developed. 
. Tf the 


Proceeding on the b 


formation is impermeable. there is no invaded zone. 


that one exists would give an 


isis 

erroneous answer 

1. There is the possibility. in at least some instances, of the 
mixing of interstitial and drilling fluid filtrate, bv 
ionic diffusion of fluid in the 
invaded zone different than drilling fluid filtrate. 
\side from these obstacles there are certain questions which 


water 


otherwise. to produce a 


irise concerning the over ill method. Some of these questions 

ire 

1. How accurately can the 
the electric log { 


?. How accurately can the interstitial water 


true resistivity be determined from 


resistivity be cal- 
culated from the potential curve? 
Can the effect 


itv, formation 


of clay on the determination of true resistiv- 
water resistivity, and invaded zone resistivity 
he adequately taken into account? 
1. How interstitial 
» 4 


determined from Equation (2)? What 


? 


water saturation be 
is the value of the 


accurately can the 


saturation exponent n 
On a basis of the present state of knowledge of the petro- 
physical behavior of rocks and electric log interpretation in 
may be that the 
calculation of water saturation from strictly 


general, it said answers to these questions 


indicate that the 
electric log data alone is subject to so many assumptions that 
only a qualitative evalution which, however. may 


it is at best 


still be of great value from the practical viewpoint. 


The Electric Log and Exploratory Drilling 


The determination of water saturation from strictly electric 


log data alone. is discussed above. he omes necessary when 
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little is known concerning the nature of the formation 
stitial water, porosity, formation factor, and clay character 
tics of the various horizons. This is frequently the case 
exploratory drilling. Fortunately. however, in this case eve 
a qualitative evaluation of water saturation is of considerable 
value. As mentioned previously, if it could be determined 


a particular 100 ft thick sand. as revealed on the log of 


exploratory well. had a water saturation of between 20 and 50 


per cent, it would ordinarily be considered entirely econon 
to set casing if this were necessary to test the sand adequately 

In exploratory drilling we are hunting for new oil and ga 
fields. The stakes that 


undesirable and unwise to attempt to place all of our conf 


involved are se great eit is entire 
dence in any one formation evaluation tool. It is only throu 
a coordinated use of coring, testing. and logging methods that 
economic exploratory drilling may be achieved.’ The purpose 
of the electric log in exploratory drilling is to single out th 
more promising appearing formations for further evaluati: 
In this respect it fulfills a tremendously important need. A 
the quantitative methods improve in accuracy, it will be po 
sible to single out more efficiently those formations exposed 
in an exploratory well that are most likely to yield oil or ga 

Over the course of years as electric log interpretation met! 
ods become more quantitative and less qualitative. more conf 
dence will be instilled in those who apply them. As this oc¢ 
exploratory drilling will require less coring and testing. TI 
process, however, is slow and it is important that overco! 
dence is not placed in new techniques until their degree 
reliability has been established. 


The Electric Log in Development Drilling 


Once an oil producing horizon has been found, and 


probable extent of production estimated. a program for 
development of the field is designed. This pregram shou 
include coring of the productive horizons in a selected nun 

situated If a particular 
sand or sandstone, the following core analysis measurement 


of strategically wells. horizon 
should be made: (1) 
factor; (4) 
saturation (experimentally determined so that it approximat: 


porosity; (2) permeability: (3) forn 


tion clay analysis: (5) capillary pressure water 
the saturation in a virgin oil or gas reservoir sand): (6) re 


ual water saturation (saturation in a core as recovered frot 


the well bore): and (7) residual oil saturation (saturation 
a core as recovered from the well bore). 

If any water is obtained during a drill stem test, or alor 
with produced oil, it should be analyzed immediately for 
content and electrical resistivity. Such tests should be made 
every instance possible. and the values of water resist 
atalogued for each of the producing horizons. Information 
concerning formation water characteristics is not only valuable 
in electric log interpretation but also in tracing the origin 
waters produced from the well. 

When a few wells have been cored and analyzed in the n 
ner described above. the electris logs can then be used in a 
quantitative fashion in completing the remaining wells 
the field. In this manner the full advantage of the quantitative 
technique may be obtained. In a sense, the core analysis 
water data are used to calibrate the electric log readings 

Cores from the producing sand horizons may be sent t 
and wate 
that n 
improper choi 


the laboratory and the relationship of resistivity 
This eliminates the 
by clay effects or 


saturation determined. errors 


otherwise be introduced 
of water saturation exponent. 

It should be noted. however, that even in this optimum con 
dition for the use of electric logs in a quantitative mannet 
an evaluation of hole effect. invasion effect. and bed thicknes 
effect must be made in order to obtain the true resistivity. TI 
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} ’ 


implies that best accuracy will be 


leep 


obtained in thick beds in 


which invasion is not too 


Fractured Formations 


Certain formations having a nongranular 


type of 
vil and gas productive. Typical of this 


porosity 


have hee n found to [ve 


class are fractured shales, cherts. limestones, and vuggy lime- 


stones. Combinations of vuggy, fractured and intercrystalline 


limestone may also occur 
Electric logs lose 


tions of this sort 


much of their diagnostic value in forma- 
When analyzing an electric log made in an 
is: What 


represented on this electric log? It is 


exploratory well, the first question to be answered 


tvpe of formations are 


partly in order to answer this question that cormg, sidewall 
: impling and drilling fluid ar alvsis are employed. 


When the drill 


in which the oil 


fractured formation 
only in the 


hit encounters a highly 


and gas exist fractures, it is 
entirely possible to have very serious and deep invasion of the 
drilling fluid into the 
to drive the oil 
difhe 


the Huorescence 


formation fissures. This has a tendency 
ind gas back into the formations making them 
very ult to detect by any means whatsoever. In this case. 


drill 


is obtained 


of the euttings may be the only evidence 


hydrocarbons that 


REVIEWING AN ELECTRIC LOG 
When an 


tendency to examine the curves immediately and then proceed 
to make dec 


horizons depicted on the log 


electric log has been obtained, there is a strong 
fluid content of the various 
Although this 


a much better procedure is to consider 


isions concerning the 
may in some 
nstances be excusable 
n detail other factors 


irves. The 


eans of the 


related to the log before examining the 


more important of these factors are indicated by 


following questions 
1. What is the resistivity of the 
hole stimation should be made of the 

the drilling fluid on the 


drilling fluid and the diameter 
of the \ qualit itive ¢ 
resistivity curves and on 
the 

What tv of drillin 
hole 


idversely 


g fluid has been used in drilling and 
Some types of drilling fluid affect the SP 
and some types affect the resistivity curves 


logging the 
curve 
Phis matter should be clarified before examining 
fluids 
+ frequently reflected in the 


adversely 


the curves. Low er loss will often result in a 
invaded rion. This 
sn ill =p 


What scales have been emploved in recording the resistivity 


ind the SP curve? The 


“I iller 


reading of the wing resistivity 


curve. 
curves absolute value of the resistiv 


ity is related to porosity and water saturation. It is neces 


know the 


prope rly evaluate the 


order to 
is advisable to check 
between the end of the log 


sary to ohm-meters of resistivity” in 

formations. It 

that there are no seale changes 

ind the portion being examined. The value of the SP deflec- 

tion above the shale line is related to the type of formation 
water 

}. How did the depth measurements made by the logging serv 


check the 


drilling crew? 


ce company depth measurements made by the 


Nhen these factors have been considered. a more effective 


examination of the curves will result 


When 


i particular horizon, it is necessary to consider the length ot 


examining the electric log curves recorded opposite 
time that the 


drilling fluid 


formation has been exposed to the action of 
It is 
ivailable data pertaining to the physical and chemical nature 
of the formation fluid content. Such additional data 

furnished by fluid sidewall sam 


ples. cores, or formation tests 


ilso necessary to take into consideration all 


and its 


drilling 


inalvsis logging. 
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When 
the conditions under which the logs were made. This implies 
of the 
and types of drilling fluid 


comparing electric logs it is necessary to compare 


employed, mud _ resistivities, 


If 


changes in the reservoir 


i Comparison spacings 


~cales in electric log is very 


old. it is necessary to consider the 
conditions that may have occurred due to subsequent deple 
tion. In this regard it is interesting to note that since the high 
resistivity portions of an oil sand are often the most perme- 
ible, it that these first 


is edge-water encroac hes 


is possible portions will yield water 


SUMMARY 


lL. In deve lopment drilling. a quantitative determination of the 
ot be 
however, that the for- 


water saturation sands and sandstones may made 


from the electric log. This requires, 


mation factor and the formation water resistivity are known. 


A knowledge 


trical behavior of the sand is also necessary. 


of the clay content and its effect on the ele 
The determina- 
tion of water saturation becomes unreliable in thinly inter 
hedded sand-shale sections. Coring of the productive sand 
in selected wells is desirable in order to determine forma- 
tion factor and clay characteristics 


. In exploratory drilling the electric log assists in singling 
those formations that show evidence of containing oil 


These 


formation 


out 
formations can then be evaluated by the more 
When 


great caution should be exercised in 


or gas 


diagnostic testing methods. examining 


t xploratory well logs. 


order not to miss any possibly productive horizons of a 


fractured nature. Under exploratory drilling conditions, the 


electric 


log interpretation often becomes quite qualitative 


in nature, but is still of considerable value in the overall 


formation evaluation program 
Past and present research and development have improved 
ability make 


that further 


our to a good electric log interpretation, It 


iprpee ifs re-ea;4rt h i the field ot petrophysic s 
ind further development of electric logging systems will 
the of the It 
probable that improved logging methods will make possible 


aot 


imcredast accuracy quantitative methods. 


1 more accurate determination formation factor from 


invaded zone measurements. Further research may provide 
i more precise method of determining formation interstitial 
water resistivity from the potential curve. It is important 
that the results of research be adequately and thoroughly 
tested in the field before placing too much confidence in 


them. 
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i skill whic h can be devel 


The established interpretative tech 


interpretatior 


oped only with | 


issed by the is well as the refinements now 
subject to the effects of 
Very often 


exact degree of these effects on 


niques dis« iuthor 


in the progress of development are 


several variable formation characteristics. assump 


tions must be made as to the 


each individual case. and the computed results weighed in the 
of the 


ind weighing can be highly success 


light of the probable accuracy necessary assumptions. 


This process of assuming 
full 


it will be found that even though assumptions have to be made. 


but practice ind experience are necessary. (Quite otten 


the conclusions will be quite definite 

of the factors governing the relations 

petrophysical | of rocks 
job. Many organizations 


This 


but these specialists cannot be 


rhe complex nature 


between we logs ind the vehavior 


1 full-time 
specialists within their ranks. 


lis study is 
ing 
cessful 


Is proving 


everywhere at once consequently they are valuable as con- 
sultants and final re 
development engineers 
It still 
the u of well 
inalvyzing these log 

We 

methods and to 
the 
order that vou 


best guided by 


view authorities for the exploration geolo- 


gists production engineers, reservoir 


remains that every individual who can 


engineers, et 
by 


benefit 
of 


st 


information should be capable 


then, to attempt to use all the interpretative 


urge vor 
determine tor yourselves the range of reliabil 
This is neces 


itv for various methods under all conditions. 


sary in may develop with practic e. the experi 


ence needed to be a full use of the data avail- 


able from well logs 
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J. E. WALSTROM 


DISCUSSION 


By C. C. Liedholm, Signal Oil and Gas Co.. Los Ange 


Calif... Member AIME 


lhe field engineer. or geologist, must be able to interpret 


the results of the many methods now available for evaluatir 
the fluid content of 
always devote the time and study required to keep abreast of 
the latest evaluation techniques for electric logs. Most develo 
ment engineers have recognized. the factors which influence: 
the resistivity values recorded by the electric 


a formation. Consequently. he cannot 


log and have b 
comparison evaluated zonal saturation in a purely qualitat 
manner. The quantitative methods introduced in the last few 


vears for evaluating saturation may have sometimes beet 


contusing, particularly when the answer conflicted with 


Walstrom’s 


i meeting ground between the two outlook 


engineers intuitive determination. 


paper show 
that there can be 

that a quantitative approach can be used to supplement 
qualitative outlook. limitations on 


quantitative determination due te uncertainty in some of the 


purely Conversely, the 
variables used can be examined to advantage by qualitat 
methods. Walstrom’s careful use of approximate limiting 
ues makes the transition from one approach to the other 
ural and reasonable 
Walstrom states that the 
fluids in 
formation. If we are 


electric log is primarily intends 


to determine the a formation and not what will cor 


out of a concerned only with con 


tionally spaced resistivity curves. this is 


true in most ca 


However, the use of short spacing resistivity measurement 
detect the presence or absence of mud cake has proved to 
of considerable value in determining the ability of a format 
to conduct fluid. In areas with high resistivity pay. these 
spaced curves make it easier to determine whether ot 
something will come out of the zone than to evaluate what 
in the zone. In development drilling the approximate zone 
pressure is generally known, and in exploratory drilling pre 
sure can the original 
filled immovable tar 
approximation of a formation’s ability to give up fluid car 


made 


he assumed to be near Consequet 


issuming that the zone is not with 
with presently available electrical logging equipment 
I would like to ask Walstrom why the use of these short spac 


curves were omitted from his paper 


DISCUSSION 


By Loy M. Charter, Shell Oil Co.. Los Angeles, Calif. 


Electric log interpretation, either quanitative or qualitative 
truly is As stressed 
by Walstrom, all petrophysical data obtainable must be uti 
lized, not only to supplement the electric log interpretatior 


a combination of an art and a science. 


but in the actual interpretation of the electric log itself 
Needless to say, the more supplemental data available. the 
better will be the interpretation, but there always is an eco 
nomic optimum. We have found that adequate electric logs 
including special devices such as MicroLogs, focusing system 
logs, ete. together with interval cores, sidewall samples, and 
possibly formation tests. and continuous ditch samples. cut 
ting analyses if representative. drilling speeds, ete.. usually 
are sufficient to allow quite reliable evaluations of the fluid 
saturations of most possible reservoir formations. The instances 
of formations that are not evaluatable from such data usually 
are determinable. and additional such as additional 
sidewall samples or testing can be resorted to if economically 
justified. 


means 


As pointed out by the author, the determination of precise 
formation resistivities often is difficult and sometimes impos 
sible because of bore hole. invasion, and adjacent bed effects 
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electric log partie 


necessalr ily 


are basically not 
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\ quantitative approach even under the more difficult condi- 


tions usually will result, however, in at least a valid qualita- 
\s discussed by Walstrom, mud filtrate inva- 


adjacent beds are the primary 


tive evaluation 
sion and 
that make 


ind sometimes 


perturbing effects 
often difficult 
effects often can be mini- 


determinations of true resistivities 
Their 
by logging at frequent intervals. Their effects 


evaluated 


impossible 
mized. however 

car bye rN comparing overlapped portions of 
gs and rerunning questionable intervals. In very high resis- 
where bore hole. invasion 


vity intervals such as limestones 


nt bed effects have been a real bugaboo, our lim 


experience to date indicates that the newer focusing log- 
systems are a tremendous improvement over conventional 
It might be well to 


here that the conventional, self-potential and resistivities 


systems under these conditions. 


stress 
ire only three 


forms of numerous systems now available. and 


it would be to the benefit of the industry to build up an 


possible with other applicable forms 
will. 


experience as rapidly is 


of electric logs. term them what vou 


We grant that formation factors are not always determinable 
from electric lo but we have found that with a reasonable 


umount of supplemental data they can be determined rather 
If the 


d flerent resi = atter 


reliably in most cases various resistivity curves indicate 
correction for bore hole and adja- 
ent bed. bu invasion effects, the resistivity of the invaded 
roximated if some supplemental data 
bed effects are not 


too severe ound that the MieroLog often assists in 


zone usuall 


for calibration is tilable and adjacent 


on. From this invaded zone resistivity 
sually can be approximated, by assum 
dual hydrocarbon saturation in the in 
ere is a possibility of very viscous 
lown since estimations of residual 


iable 
A ill <al iple s 


ot re In this case, though, ditch 


should show the presence 
he determination of the fluid satura 

e values of the 
reported to vary appreciably. This is a 
ial In work we 

f the 


saturation exponent 
extensive laboratory 


exponent “n” does vary 


and with 


mmparable porosity and permeability. The average 


1 within a sand body 
data are available. is very close to two, 
Archie in 1942. Since the 
ilarly those of the 
ippreciable formation volumes. it 


when sufficient 
responses of the 
longer spacings, are 
iverages trom 


the average value of “n” which appears rather constant, 


ind not individual values. with which we should be concerned 
AUTHOR'S REPLY TO MESSRS. LOY, LIEDHOLM 
AND CHARTER 


In the formal comments published above and in some of 


those received more informally. three criticisms of the papet 
are made which deserve a closer analysis and a specific rebut- 
tal. These criticisms may be summarized as follows: 


1. The 


conclusions which may be inferred from the paper 
could create the impression that the ability of electric log- 
ging in its present state is more limited than it actually is. 
The possibility of forthcoming improvements in the response 
of the electric log is not apparent enough in the paper. 
Most of the discussion is centered around the determination 
of water saturation and nothing constructive is said about 
the determination of porosity and permeability. 

Careful examination of these criticisms indicates that they 


a question of correctness or incorrectness, 
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but concern the manner in which the author has judged the 
relative merits and demerits of electric log interpretation. In 
with the 
slightly conservative tinge that the author had injected into 


other words, the comments indicate dissatisfaction 
the paper. The author wishes it to be understood that every 
word in the paper, and every possible implication that might 
be made from the phrasing, were carefully considered. His 
reply to these criticisms is summarized in the following para- 
graphs. 

For the last five been associated 


years, the author has 


exclusively with an oil producing organization. In this time 
he has not only had the opportunity of studying electric log 
interpretation in detail, but has had the opportunity of ap- 
praising the relationship of the electric log to the overall 
economics of discovering and producing oil. A primary fune- 
tion of an oil producing company is to find oil and to produce 

economically. Electric logging, although an important pase 
of this work, is only a small part of it. 

Although it is desirable to get as much information as pos 
sible from the 


The stakes involved are 


electric log. this information must be correct. 


too great to be concerned with seeing 


how far one can stretch an electric log interpretation and 


probably be correct. There are other tools of evaluation that 
may be used to complement the electric log findings when there 
Is any doubt \ very real problem concerning the electric log 


interpretation, however, is to know when there is doubt and 


when there is not. If there is any chance of doubt, one should 
then use every other possible means to evaluate the particular 
formation correctly 

When drilling an exploratory well, one is greatly concerned 
with the security of the investment and the success of the ven 


ture. For this reason there is a tendency to be very careful 
in all steps of the operation. In particular, one must be cau- 
tious in reaching conclusions on the basis of the evidence pro- 
vided by the various logging and testing methods. It is per- 
haps better that 


make an unnecessary drill stem test. 


a petroleum engineer be over cautious and 
than over confident of his 
ability to interpret an electric log and miss an oil field 

It must be 


ning of the 


remembered that the author stated at the begin 
that to the 


logging or research spec ialist. as to the petroleum engineer 


paper it was “directed not so much 


and geologist.” A reasonably conservative philosophy has been 
employed in the paper because it is considered best. 

The second of the above three criticisms indicates that the 
author has not emphasized sufficiently the possibilities of forth- 
logs. We 
mind that the principal purpose of the paper 
out the utility 


coming improvements in the response of electric 


must bear in 


was to point which the engineer or geologist 
can derive from the log delivered to him today. This course of 
presentation was decided upon since the petroleum engineer 
or geologist is more interested in what can be done with his 
present logs than what may be possibly done with them in the 
future. This latter is a responsibility that rests more directly 
with the electric logging service companies. 

In order to indicate something of the developments that 
tomorrow may bring, the author does discuss the determination 


of F-factor from wall resistivity measurements and the deter 


mination of formation water characteristics from the SP curve. 
This is emphasized in part (3) of the summary of the paper. 

Thus, contrary to what some may believe, the author's opin- 
ion is that he has placed sufficient emphasis on what may come 


in the future 


tion that such developments may take. It is best not 
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at least he has indicated the possible direc- 
to be 


THE QUANTITATIVE ASPECTS OF ELECTRIC LOG INTERPRETATION 


over-optimistic in what these improvements will do for us until 
We have been mistaken before. 
rhe author purposely avoided any emphasis on the quanti- 


they have proven themselves 


tative use of electric logs in limestone formations—particularly 


in exploratory drilling. Generally speaking, the electric log 


loses much of its diagnostic value in this type of rock and 
other means of formation evaluation should also be employed. 
For a more detailed discussion of this phase of exploration, 
the author refers to his paper entitled “Optimum Use of 
Various Testing Methods in Exploratory Wells,” which appears 
in the 1950 edition of the API Drilling 
Practice 


The author's expel 


and Production 


MicroLogs indicates that al- 
MicroLog may show the presence of porosity, the 


ence with 


though the 


porosity may not be sufficient for commercial production. On 


the other hand vuggy porosity or fractured porosity in lime- 


stone or similar rocks sufficient for commercial production 
may not be evident from the MicroLog. Thus, although a 
MicroLog 


fluoresc ence ot 


with caution 


drill 


stem testing in exploratory wells penetrating 


useful tool, one 
It is best to 
and 


must interpret the 


depend on the cuttings 
] 
I 


upon dril 


limestone formations. This is a practical and straightforward 


approach to the problem. In a secondary degree one may 


place confidence in the neutron and MicroLog techniques. 
The author 
techniques that are 


is familiar with the special and experimental 
being developed for the determination of 


porosity and permeability from electric log data alone. He 


also believes. however. that these techniques are not yet re- 


liable 


In development operations, 


ilarly as they apply to exploratory operations. 
afforded 


to determine porosity and permeability in a reliable manner 


parti 
opportunity is ordinarily 
from cores taken in 
situated throughout the field. For 


i selected number of development wells 


strategically these reasons, 


the author decided against placing more emphasis on these 


techniques than he has already done in his paper. 


In exploratory operations the determination of the oil and 


of the various formations ts of most impor- 


gas saturation 
This is indirecth 


water saturation and subtracting it from unity. 


tance determined from the electric log by 


determining the 


For this reason emphasis was placed on the determination of 


water saturation. If in an exploratory well a good oil satu- 


electric log for a particular 
tested 


despite any speculation con- 


ration is determir om. the 


ordinarily exhaustively to 
ibility. 
1 permeability. 
well to mention that what the author has incorporated 
rtly the result of the study of a tremendous 
imount of core n ysis data 
1 drill stem test data 
amount of basic researc h on electric log 
although not referred to directly. influ- 
which the author has appraised the 


horizon. the formation is 
determine its productive 
cerning the 


It is 


porosity ine 


into his paper 
careful watching of 


In addition, the results 


and pro- 
duction results anc 
of a very considerable 
interpretation have 
enced the manner in 
present state of electric log interpretation. 
The author 


pretation methe 
He believes it is re isonable 


believes that his appr tisal of electric log inter- 
xis is neither pessimistic nor over-optimistic. 


the criticisms 
reliability 


that 


degree of 


In conclusion. the author again states 


of his paper primarily 
with which he des ribes the present state of electric log inter- 
The author’s approach is the more cautious. The 


concern the 


pretation 
opinions of those commenting upon the paper are of interest 
to the author and he hopes that his thoughts may be stimu- 


lating to them. x * 
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wy Drift of Things v0 


Overtime for Engineers 

Many engineers are currently work- 
ing harder than usual, in part because 
of the demands being made upon them 
for increased production in the war ef- 
fort. and in part because engineers are 
in short supply so that there is more 
to do for those who are available. In 
some instances the question has come 
up as to what additional payment, if 
any, should properly be made for over- 
time work, and to what extent is such 
payment legally permitted under the 
rules of the Salary Stabilization Board. 

Most engineers employed in an execu- 
tive. administrative, or outside salesman 
capacity are net paid for overtime. 
They are paid for doing a job instead 
of for the hours they put in, and are 
free to do all the unpaid home work 
they feel they should do after dinner, 
as well as to do a bit of thinking and 
worrying during wakeful hours in bed. 
But engineers employed in a _ strictly 
normally have 


professional capacity 


standard office hours. Some employers 
pay for overtime and some don’t. Theit 
practice as it existed on Jan. 25, 1951, 
may be continued. In the absence of 
such practice at that time, the Salary 
Stabilization Board says that the engi- 
neer may now receive additional com- 
pensation up to his straight-time rate 
for an extended work week. No formal 
approval of the Board is required. “A 
professional engineer.” as defined by 
the Board, “is a person employed in a 
professional capacity who, by reason 
of his special knowledge of the mathe- 
matical and physical sciences and the 
principles and methods of engineering 
analysis and design. acquired by pro- 
fessional education and practical experi- 
ence, is qualified to practice engineer- 


ing. 


New York or Atlantic City? 


In which place®is it preferable to 
held the annual meeting of a profes 
sional society like the AIMEE —- New 
York or Atlantic City? That is, a win- 
ter meeting. 

Chief Atiantic City 
over New York are that technical ses- 


attended, there being 


advantages of 


sions are better 
little else to do there in winter. the cost 
to members is less. and hotel facilities 


are better adapted to a meeting the size 
As to cost. take a banquet, for 
Haddon Hall. 


which caters especially to winter con- 


ot ours. 
instanee. The Chalfonte 
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followed by EDWARD H. RCBIE 
Secretary AIME 








ventions, charges about $7 for a ban 

\ simi 
lar dinner at the Statler in New York 
would cost about $8.50 and about $10.59 
ut the Waldorf-Astor 
somewhat less at Atlantic City 
AIME he 


to some extra expenses for staff travel 


quet dinner of standard quality 


Rooms, too. are 
On the 
other hand. idquarters is put 
food and lodging. and members living 
in New York and environs are forced 
hotel bill. New York, of 
course, has more varied amusements to 
offer, 


glamor of a big city 


to pay a 


plenty of b tores and the 


liscussed at the 
York, In 


cares to 


The choice may be 
forthcoming meeting in New 
the meantime if any reader 
express an opinion one way or the other 


we shall be glad to hear it 


Inducted Engineers 
\ letter 
ducted into the service 


from a young man just in 
ind fearful that 
his engineering training is not going to 
be utilized reached us last week from 
Fort Riley, Kans. The AIM 
ing with the other Founder Societies, is 
through the Engi 


cooperat 


doing what it can 
neering Manpower Commission, to see 
that engineers are not being wasted in 
the military establishment. So we passed 


ilong to 7 \ 


secretary ot 


this young man’s lette: 

Marshall, Jr.. executive 

that Commission 
Marshall tells us that the 


procedure now being followed by the 


normal 
Army in handling Selective Service in 
ductees is to have them first complete 
16 weeks of basi 
signment to specialized categories. Dur 
If one 
should 


ind engineer 


raining he fore as 


ing that time they are classified 
has an engineering degree he 
be classified as scientify 
ing personnel at end of the 
should then be 
transferred to a technical detachment 
Military Ocecu 


reflecting his edu 


basi 
training period. He 
and assigned an MOS 
pational Spee ialties 
cation 

If a young man ts looking tor a com 
mission, it might be added that the cur 
rent policy in the army is to transfer 
to OCS (Offeer Candidate 


plicants for commissions 


School) ap 
n the infantry 
commander can 


only. The local ur 


give information on this point, based 


upon the aptitude shown in tests. In 


view of the current shortage of engi 
neers, it is believed that a young man 
should seriously consider remaining in 


enlisted status unless he can obtain a 
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ommission in a branch ot the service 
that can make full use of his technical 
skills. His work may thus be more to 


his liking even if his uniform is not. 


Fireside Incident 

Ihe mistress of the house, who was 
napping in the living room the other 
suddenly woke up enough to 
“What's that noise?” 
we told her, “tearing 


evening 
inquire 

“lL am merely, 
out some of the advertising pages in 
the last issue of Life in order to get at 
the reading matter and pictures.” 

That's silly.” she said, “and anyway, 
vou shouldn't be one to object to ad- 
vertising, for that pays part of your 
salary, and you are always saying that 
that's what you need more of.” 

‘But our kind of advertising is dif 
ferent. For one thing, it’s not all mixed 
up with the leading articles to distract 
And for another 
it contains a lot of useful infor 
mation and news about the latest de 


the reader's attention. 


thing 


velopments in machinery which, if we 


were an operating man. it would be 
1 our interest to read. 


“Now take 


just torn out 


these 42 pages we have 
Fifteen of them, or more 
than one third. are advertising liquor.” 

Since when have vou ceased to have 
iny consuming interest in liquor,” we 
were que ried 

Since our became well 


stocked.” we 


cupboard 
replied. “And we don't 
believe that these brands are necessar- 
ily noted for their quality. For instance, 
to advertising 


SIX pages are devoted 


mixtures of whiskey with from 60 to 
(0 per cent of alcohols, though you 
would never guess it from the ad. The 


alcohol 


Then there are four pages of cigarette 


word is never mentioned once. 
advertising, and it must be ten years 
smoked a cigarette. And if 
we did take up the habit we doubt if 


since we 


the advertisements would give us much 
of a clue as to which one we like best.” 

“[ think T'll go back to sleep. That 
is. if you are through tearing paper.” 

So we stopped, and while we were 
thinking about the 
through the 
JM. and JPT. as we call them for short 
We didn't find them in the middle of 


matter. browsed 


advertising pages of ME 


an article. and we found them interest 


ing and instructive. The next time we 
meet an operating engineer, we believe 
we can talk to him a little more intelli- 
rently x* * * 
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one of many reasons why 


HALLIBURTON’S best 
for your DRILL STEM TEST! 
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You want your test to be right on the first run—and Halliburtor 

Misruns are rare with Halliburton because of its advanced, highly 
testing tools. The Halliburton string has many exclusive features deve 
25 years grass-roots research and improved by the enormous experience 
over a million wells 

For example, Halliburton has a new curved J-slot that automatically loc 


utomatically 


tool. It prevents valves trom opening too soon and permits the tool to a 


close and positively lock simply by ratsing the drill pipe a few feet 
Other exclusive teatures include the Bourdon Tube Pressure Recording Device 
~ 


special-duty packers to meet various hole conditions, locked open By-Pass, surface 


controlled adjustable chokes and the multi-purpose circulating valves. These last 
two features also provide i greater degree of safety and a better control of the well 


when high pressures are met 

Constant improvement in tools and technology enables Halliburton to maintain 
its leadership and keep pace with the ever-changing requirements of the oil industry 
No matter how deep the well, how high the pressures or temperatures, Halliburton 


can give you a successful test. Avoid excessive misruns, let Halliburton make your 


next test! Halliburton Oil Well Cementing Company, Duncan, Oklahoma 


TESTER 
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MORE REASONS WHY HALLIBURTON’S best! 


GREATER ACCURACY 
IN PRESSURE RECORDING 
The Bourdon Tube Pressure Re 
cording Device, exclusive with 
Halliburton, gives you far 
greater accuracy at no extra 
cost 


25 YEARS RESEARCH YOU GET REAL 


BACKS UP YOUR TEST 
Halliburton alone offers a test 
ing service developed and im 
proved by 25 years of energetic, 
grass-roots research 


YOU RE ONLY 
MINUTES AWAY 
Halliburton has hundreds of 
highly-trained Testing Special 
sts experienced in every type 
of well. One of these Testers is 

only minutes awoy 


PERSONAL SERVICE 
Your Tester stays on the rig 
from start to finish of your test, 
giving you his full-time atten 
tion during this highly impor 


tant operation 


YOU'RE SURE 

T'S AVAILABLE 
Each Halliburton Tester is com 
etely equipped with the latest 
tools and ready to go as soon 
as you call. Phone him before 


you come out of the hole 
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ANCHOR 


+——— STANDARD 
PRESSURE 
RECORDER 


ANCHOR 
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( HALLIBURTON ) YEARS AHEAD IN DRILL STEM TESTING! 








Junior Member Age Limit 
Raised for Veterans 


Ordinarily applicants — for Junior 
Membership must not have passed their 
30th birthday anniversary at the time 
their application is received by the In 
stitute. By recent action of the Board 
however, a credit of one year on this 
entrance age limit is given for each 
vear of military serviee. A similar 
credit is given veterans in changing 
their status from Junior Member to 
Associate Member or Member. which 
must normally be done before their 
33rd birthday anniversary. Heretofore. 
these credits were extended only to 
veterans of World War IL: now. all vet 
erans are given this privilege. * *® *® 


Vembers Receive Awards 
For Outstanding Papers 


Winners of three AIME awards, to 
he presented at the fortheoming Annual 
Banquet. were announced at the Nov 
14 meeting of the Executive and Fi 
nance Committees 

C. G. Dunn, F. Lionetti, F. W. Dan 
iels and M. J. Bolton will each receive 
the Mathewson Gold Medal Award for 
the following series of three papers on 
grain boundary energies: “The Effect 
ot) Orientation Difference on Grain 
Boundary Energies.” by Dunn and Lio 
netti: “Measurement of Relative Inter- 
face Energies in Twin Related Crvs- 
tals.” by Dunn. Daniels and Bolton: 
“Relative Energies of Grain Boundaries 
in Silicon Tren.” by Dunn, Daniels and 
Bolton 

Donald A. Dahlstrom is the winner 
of the Rossiter W. Raymond Award for 
his paper entitled “High Speed Clas-i- 
fication and Desliming with the Liquid 
Solid Cyclone.” 

G. Derge. W. O. Philbrook and Ken 
neth M. Goldman share honors in the 
Robert W. Hunt Award for their paper. 
“The Mechanism of Sulphur Transfer 
Between Carbon-saturated lren and 
CaO0-SiO.-ALO, Slags.” Each will) re 
ceive a silver medal and certificate 

At the Dee. 5 meeting of the Board 
the winner of the J. E. Johnson. Jr 
Award, was announced: William KR 
Bond. vice-president. Operations, Lone 
Star Steel Co.. “for his contribution to 
the blast-furnace art in developing a 
smelting practice for the suecessful uti 
lization of East Texas ores.” 

At the same meeting. winners of the 
Tenth Annual Student Prize Paper Con 
test were announced as follows 


Undergraduate prizes of $100 each: 


February, 1952 


( egret R. Rainsalo arnegie a Slate of Nominees 
tute o echnology. tor his paper, “The 7 - 
Siniiie Seiinnine of on seed ) per Declared Elected for 1952 
Cent Cr-Fe Alloy.” Alfred F. Weinberg No other nominations having been 
Illinois Institute of Technology, “Age ceived, the ticket named by the Com 
hardening of Copper-Beryllium Alloys.” ttee on Nominations for AIME Of 
William E. Bond, Carnegie Institute of fice in 1952 was declared elected at 
rechnology, “Some Properties of Silver the November meeting of the Executive 
Copper Alloys Made by Powder Metal ind Finance Committees. Names and 
lurgy.” biographical data’ were published in 
Graduate prize of $100; John F. Rad the July issue of THe Journan or Pr 
avich. Purdue University. “A New Ele« rROLEUM TECHNOLOGY: President. M. L. 
trolstie Stripping Technique.” No other Haider: President-elect, Andrew Fletch- 
graduate prize will be given er: Vice-Presidents, O. B. J. Fraser and 
The awards will be a feature of the §. Morrow: Directors, C. H. Bene- 
Weleoming Luncheon at the Annual diet. R. B. Caples. T. B. Counselman. 
Meeting. x * * L. Joseph and C. E. Reistle, Jr. ® ® 


Save up to 80% 
- of the space required 
Accelator-- 5 - by “old-style” water 
: = (reatment plants with 
the Accelator 


e 
...and the Accelator is built only by Unnfileo! 


Proved in over 1,500 installations 
throughout the world, the space-saving 
economics of the Accelator is but one of 
the many advantages thoroughly 
described by Infilco Bulletin 1825. Write - 


for your copy today 


IMFILCO INC. Tucson, Arizona | oe in Chicago & Joliet, Mliners 
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g Manufacturers of Water Conditroning and Waste-Treating Equipment 
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Petroleum Branch Officership Eligibility List 


ARTICLE Vill of the By-Laws adopted Morch 20, 1947, provides that 
To be eligible for election to the Executive Committee a member shall 
have had wide experience in the affairs of the Branch 
To be eligible for Chairman a member shall have three yeors of 
active service in the Branch, at least one of which shall hove been as Choir 
man of a standing or special committee or as a member of the Executive 
Committee 
To be eligible for Vice-Chairman a member shall have had two years 
of active service in the Branch, ot least one of which shall have been as 
chairman of a standing or special committee, or as a member of the Execu 
tive Committee, or a Chairman of a Local Section 
The list below is of members who meet the specific provisions of eligibility 
for election to Chairman or Vice-Chairman. No attempt has been made to 
distinguish those who meet the non-specific portion of the eligibility require 
wide experience’ and ‘three years of active service Data 
yeor and type of service, according to the 


ments, ie 
each name represent the 
code below 
The Pacific Petroleum, Wyoming Petroleum and Illinois Basin Chapters have 
been considered Loco! Sections, within the intent of the By-Laws. The list may 
be incomplete with respect to the earliest years of the Branch (1922-1927), as 
full records on that period are not available. Please call any errors or omis 
sions to the attention of the editor 
POSITION CODE 
AC Associate Branch Chairman pp 
BT Branch Treasurer 
Ch Branch Chaiman PR 
Chairman, Local Section Pro 
Member, Executive Committee 
Chairman, Education 
Chairman, Economics 
Chairman, Engineering 
Education 
Chairman, Engineering 
Research 
Chairman 
Choirman 
Chairman 


after 


Chairmon, Popers and 
Programs 

Chairman, Production Review 

Chairman, Progress 

Chairman, Production 

Chairman, Production 
Technology 

Chairman, Publications 

Refinery Engineering 

Branch Regional Vice-Chmn 

Chairman, Special 

Branch Secretary-Treasurer 

Choirman, Stabilizing 

Choirman, Technology 

Transportation Engineering 
Choirman 

Branch Vice-Chairman 


Geophysics 

lucas Fund 

Membership 

Chairman, Nominating 

Chairman, Production 
Engineering 

Chairman, Production 

Geology 

D. W., Je cLS 

Me 45 CLS 44 Ch 48 EC 48-49 Nom 

CLS 27 EC 30-35 Ch 

CLS 49 EC 49 VC 

cls 

CLS 48 Me 

cts 


Akins 
Alcorn, |. W 
Ambrose, A. W 
Andrews, Paul 
Armstrong, E. B 
Atkinson, Burton 
Atkinson, Thomas 
Aucoin. Riley 
Beal, Carlton 
Beoms, Robert J 
Beardmore, H. F 
Beecher, C. E 
Beesley, Jock H 
Bell, John S$ 
Bennett, E. O 
Berlin, E. W 
Berwald, Wm. 8 
Bethancourt, Raou! 
Blov, lL. W 
Bradley, R. J 
Brown, Bob Diggs 
Brown, W. F 
Brownscombe, E. R u 
Buckley, S CLS 42 PP 42 EC 44.45-47-48-49 A 
Buabee, J. M Me 43 CLS 43 Pub 
Calhoun, J. C., Jr Ec 4 
Camp, R. W 
Carter, D. V 
Churchwell, R. M 
Coberly, C. J 
Coburn, 8. W 
Cooley, H. M 
Corless, G. B 
Covell, K. A 
Croft, B.C Ec 
Crichton, Jack A 
Dohigren E.G 
Decker, Harold 
Dooley. David | 
Duce, J. Terry 
Dunlap. E. N 
Earlougher, R. C 
Elkins, Lincoln 
Elkins, Lloyd 
Estabrook. E. | 
Field, J. H cts 
Fisher, Eugene A cts 
Fisher, Gordon H CLS 47 Pub 
FitzGerald, Norman D Ec 42.43 
Fitzgerald, P. E 2 Me 44 Pub 46 VC 48 EC 
Ch 25 
ER 32 EC 
CLS 47-49 EC 
Je PT 48 VC 50 Ch 
Garrison, A. D ER 
Gaylord, E. G EC 35 Nom 
Geis, W AC 38 EC 39.40.41 Ch 
EC 45 
BT 


cls 
EC 46 ST 46 VC 48 EC 48 SC 47 
CLS 


CLS 41 RVC 44 Ch 46 EC 45-46 
AC 30 Ch 31 EC 32 
Mm 


e 
PE 46 CLS 44 EC 
EC 3 


PR 
CLS 45, EC 
cls 


PR 47-48 
CLS 47 EC 49-50 


cls 
Prod. 35-36-37-38-39-40 
ts 


CLS 46 Pub 47 EC 50-51 

CLS 49 VC 

CLS 45 VC 47 EC 47-49-50 Ch 49 Nom 
EC 


, 8 
Gouldy, Roland cLS 
Granberry, 8. C., Jr cis 
Groybeal, J. W cts 
Greenidae, S. M EC 
Griswold. E. H PE 31 
Haider, M. L PE 38 Pub 43.44 EC 43.45.46 Ch 45 Nom 
Halbouty, M. T CLS 39 Me 
Hamilton, R. G cls 
Hammon, Cecil A cts 
Hammond, John P cts 


CLS 49 
Prod 43-44 
ER 36 
Prod 33-34 
T 5) 


Harlan, Don L 
Hoynes, W. P 
Hayward, J. T 
Herald, Frank A 
Heithecker 


EC 39-40-41 
CLS 4 
cls 


Hocott, Claude R 
Holmes, Joseph A 
Huntington, R. L 
Jackson, Warren J 
Jones, N. N 
Kantzer, Bas 

Kotz, 0. L ER 39-40 PP 43 Ed 46 
Koveler, H. H ER 45 PP 46 EC 
Kelly, 8. B EC 37-42 AC 
Keplinger, C. H CLS 37 PE 42 RVC 46 EC 
Kingman, D. G cls 
Kipp, Earl M 

Russell S 


ER 3 
PP 45 AC 46 EC 
CLS 


Knappen 
Knowlton, D. R 

Kraus, Edgar E 

Krause, H. M 

Langford, C. M Jr 

leeton, H 

lehnhard, Phil J 

Leonard, W. W 

Lilley, E.R 

Little w N 

Loomis, A. G 

Love, R. W 

Lovejoy, John M 

Lund Richard J 

Henry 

Peter P., Jr 

Mapes, Clare! B 

Marsh, H. N EC 
Marshall, Dan 

McCutchin, John A cis 
McGirl, J. N 
McMillan, John 
Mercier, V. J 
Millikan, C. V 
Moore, Jack M 
Moore, T. V 
Morris, W 

Moulton, Gail F 
Murrell, John H 
Muskat, Morris 
Naramore, Chester 
Nowels, K 

Nye, George | 
Ogden, L. A 
Parks, Ernest K 
Parks, Mercer H 
Parsons, B. E 
Petree, Ernest | 
Pishny, Charles 
Pollard, Terry A 
Pogue, J 

Porter, L. E 

w. Ww 
Posgate, Jame 
Power, H. H 
Powers, W 
Putnam, Murray cls 
Pyle, H. C Ch 47 EC 47-48 Nom 
Reistie, C. E., Jr EC 42 AC 
Rhea, A. S cis 


Schultz, Paul Eco 
CLS 48 EC 49-50 
CLS 4 


Cc 
ST 30 


Lyle 
Manion 


EC 
32-33-36-37-38 Ch 36 Nom 
cts 


cls 
CLS 47 EC 50 
ts 


Ch 30 EC 33-36-40 Nom 
cls 5 


ER 35 PE 37 AC 39 Ch 40 EC 

CLS 40 PP 40.41 EC 43-44-45 AC 42 Ch 44 Nom 
Prod 45-46 VC 

CLS 46 VC 47 EC 47-48-49 

PT 


EC 44 
ER 


Porter 


4 
CLS 47 EC . 


PE 34 EC 3536-40-51 Ch 35 Me 37 Nom 41 Ec 43 
cLs 


Sheldon, Dean H 
Shepherd, Jack M 
Sherborne, John E 
Simmons, Fred E Jr 
Sinsheimer, Worren A 
Smith, Roy H 

Smith 
Spice 
Spoor 
Stephenson, Eu 
Stolz. Harry P 
Struth, H. J 
Suman, John R 
Swensrud. Sidney A 
Teague, J. U 
Terry, L 


ER 46 EC 47-48-49-51 SC 46-47 VC 49 PT 49 Ch 
cts 


Veleair C 

WH. Jr 

en ¢.. ke sc 

yene A. PE 32 ST 33-37 inc., EC 34-39-40-41-42-43 PP 38 Ch 
A 


C 41 Ch 42 EC 43 Pro 
EC 32 


EC 32-33 
Ec 35-36-37 
cLS 


L 
EC 39-40 
Owe CLS 49 VC 50 Pub 
cts 


lee J 


Thornton 
Thronson 
stel, & ER 43 PE 45 CIS 
CLS 47 VC 

PE 27 Ch 29 EC 32-47 SC 
lester C Ed 48 


PP 39 EC 41-42 ST 43 
c 


von Wingen, N 
Wolker. A. W 
Waddill, Alfred W 
Cc. A CLS 38 Me 39-41 
H. J 
Waszkowsk 
Watson 2 P 
Weaver, P 
Wilcox Stanley W 
Wilde, H. D., Jr 
Wrather, W. E 
Wright, J. K., Jr 
Yates, G. L 
Young, C. M 
Zavoic Bosi 


AC 42 Ch 43 EC 
EC 35 Prod 32 EC 

Henry cls 
AC 43 Prod 

EC 39 Me 42 Ge 45 
cls 


PE 33 EC 33-34-35 Ch 34 
EC 33-34 Ch 33 

cts 5) 

cLS 51 

EE 32-33 

Prod 42 AC 43 RVC 43 








Synthetic Fuels 
Continued from Page 17, Section 1 To AIME Members Who Have Not Paid 1952 Dues 


money and manpower to move into a eee a me ee ee 
sent regularly f the first three months of the new year pending receipt of 
dues. If dues are t received at AIME headquarters by the middle of March, 
or when the wrappers for the April issues are run off. the member's stencil 


field that is so decidedly uneconomic 
The development of synthetic fuel man- 
ufacturing should follow anormal 
course under straight forward econom 


“ is removed from tl circulation list. and there will be delay in receipt of the 
ies.” Schultz concluded. sisite ; 


April issue. Whe ies are finally paid. back issues will be supplied only to 

the extent that pies are available D iplie ite bills should be mailed early 

NPC. Estimate of Economics of in March to those irrears, and prompt payment at that time. o1 before. 

Coal Hydrogenation Plant. Rock is urgently request Resignations. to be accepted as from a member in good 
Springs, Wyo. standing. must be received before March 31 








Yearly Expenses, millions of dollars 





Operating expense 53.8 
Depreciation 24.8 


Subtotal 
Credit for by-products and 
other credits 


Cost of gasoline before profit 
or interest on debt 
Net interest on debt 
Return on investment (a 6% 32. GREATER ECONOMY IN RESTORATION 


Federal income taxes (a 506 OF DAMAGED CASING 


Cost of gasoline 
RESTORES 


their prope 


including return 


Cost) gallon 


EFFICIENT, EFFECTIVE, AND WIDELY 
USED 





Financial Analysis and Return on 
Investment as Estimated by USBM, AVAILABLE IN A.P.I 


Coal Hydrogenation Plant. Rock leat i Poiana 
Springs. Wyo. co 17% iad i 
Millions made 
ot Dollars 
Per Year 


Fotal value of products 73.6 


Operating expense 


ee) Lae 


Depreciation 


Body and rollers 
Cost of operating ex profit of specially heat 


and interest silent 
Gross profit 
Interest on funded debt (34° Continuous rolling 
surface minimizes 
friction and vibration 


Average interest income 


Coal depletion allowance iin dade neieeda 
to prevent snagging 
Taxable net income 


Income taxes (a 50°, 


Net income Cireulation through tool 


Coal depletion allowance ceidceiaah aaitle eilline 


Net funds available °o | L w 3 L L 


Net funds as per cent 


of equity capital* . S's Ss aes OMPANY 


= 
USBM return on investment is based on a - LONG BEACH + DENVER + HOUSTON 
per cent annual return on 40 per cent equity 

capita ‘h emaining 60 “r cent is to be 

ecm 3 $14 1 € ya inte ear Export Sales & Service: EASTMAN INTERNATIONAL COMPANY P.O. Box 1500 - Denver, Colorade- U.S.A. 
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Employment Notices 





The Journvan will post notices of men 


ind jobs available. Companies and 


IME 


space. tor 


members are invited to use this 


there is no charge 


idadre 


number} 


whist h 
as re pl es 
Jou K 

LO8 


Show 


Except as noted below 


to: Code (appropriate 
TECHNOLOGY 


Dallas | 


These re 


NAL or Prrrotet™ 
Prinity Universal Bldg 
on envelope 


return address 


plies will be forwarded unopened and 


ne fees are invelved 


Replies to the positions coded \l-664 
5112. Y6569. Y6560. Y6129. Y5908 
¥5640 and Y5532 below should be ad 
Engineering Societies Per 
~onnel West 40th St New 
York 18 N. ¥ The ESPS. on whose 


behalf these notices 


dressed to 


Service, 8 


are publishe d here 


collects a fee from applicants actual 


placed 
PERSONNEL 


irried 


@ Petroleum 


and one-half 


engineer 1h " 
field ex 


explora 


even years’ oil 


penence geologic al 


covering 
drilling. completing and reworking 
the 


beth surface and subsurface equipment 


ton: 


wells design and installation 

ome reservoir work: also field experi 
ence with both gas injection and water 
flood projects Location preferred 


Recky Mountains. Now available. M 


664-5112-F-5-San Francisco 


@ Engineer 


ently employed with major 


petroleum production, pres 
company 


desires responsible position with ag 


gressive independent or small produc 


company: five and one-half years 


ing 





PETROLEUM or 
RESERVOIR ENGINEER 


The Arabian-American Oil Company re 
quires the services of a qualified Petroleum 
or Reservoir Engineer, proficient in mathe 
matics and with extensive experience in oil 
and gas reservoir engineering on primary 
and secondary recovery problems 

Duties will include preparation of basic 
field production and reservoir data for 
application 
puters, performance of analytical analyses 
of field behavior and interpretation and 
preparation of resulting data for reservoir 
engineering reports on specific fields. To 
work in Company's New York office 


in analogue and digital com 


Write giving personal history and work ex 
perience. Please include telephone number 


THE ARABIAN-AMERICAN 


OlL COMPANY 
RECRUITING SUPERVISOR 
505 Park Avenue 
New York 22, N. Y 
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Gulf Coast area in all 


phases of production with some exper 


experience in 


engineering {0 vears 


Code 159 


ence In reservoir 


of age. married. veteran 


@ Engineer. 27 


experience 


with three 
drilling 
flooding and some 
Desires positio 


graduate 
years” including 
production, water 
reservoir engineering 
with progressive independent or sn 


West 
Code 


Texas preferred 


160 


company 


will relocate 


POSITIONS 


draftsman 


* I nyuineering 


ence. to detail | 


ind lay 
equipment for oil tern 
£4.800 a 


N.Y. Y6569 


vear. Location 


o Satety inspector or satety 


issume safety responsibility 


eral Army base of shops. re 


all transportation Salary. $5.400-89.600 


cent tor 


Y6560 


a vear plus 10 
duty 


per 


Location, Japan 


@ Geologist to do necessary 
ind stratigraphic 
n the district 
(bi 


@ Engineers. (a) 


design engineer 


K. C. Heald to Receive 
Sidney Powers Medal 
kK. C. Heald 
Gulf Oil Corp 
been named to receive the 
ers Memorial Medal of the 
nouncement of the 
Frank A. Morgan 
Named in 
Powers of Tulsa, 
of the AAPG 


awarded to Heald “in recognitio 


researe 


Location 


Oil 
s0-40 


refinery 


chemica 


vice-president 
Pittsburgh. Pa 
Sidnev Pow 
AAPG. Ar 
iward was made b 
AAPG pres 
honor of the late 
fourteenth p 


the medal 


long and outstanding service 


tributions in petroleum g 
for his leadership in resear« 
on the important problem o 
of oil.” Presentation will tal 
Los Angeles, Calif... March 
joint meeting of the AAPG 

Paleontologists 


and the Society 


of Economic 
eralogists, 
thon Geophy sic ists 

Only 
have received this high prolessio 


Wa 


five other petroleum 


They are 

Alexander 
(1948 
Max 


scientific honor 
Pratt (1945) 
(1947), A. I 

(1950) 


Levorsen 
Golver ind 


(1951) 
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chanical engineering graduate. with ac 
il oil refinery distillation process de 
work on cracking plants or equiva 


Will 


en in the design of all types of 


supervise engineers and 


raften 
stillation units from flow 


ta. Must be 


efinery 


plans and 
able to discuss with oil 
phases of oil re 
(by) Oj re 


and 


experts, all 
design. Salary 


ery field 


on superintendent, 


open, 
maintenance construc 


30-60. with actual 


in the field working for an 


experience 


company or for a centractor who 
refinery 


Hir 


ill classes of me 


contract work in an oil 
erforming the work listed below 
il d 


inics and 


supervising 
assigning them to. oil 
et construction as 
Location, New 


Gulf Coast 


ery maintenance or 


juired. Salary open. 
rk metropolitan area or 
or both. Y5908, 
or safety engineer, chemistry o1 
il engineering degree. with mini 
vears safety 


of ten experience in 


rehin 


Loca 


n chemical plant or oil 
200-$9.600 a 
N.Y 


Salary. $7 


tion. New York 


@ Engineers. (a 
baw fenlid 


petroleum 


year 


Y5640 


Petroleum engineet 
operations, 25-35, with degree 


engineering or equivalent 


ind about three to five vears’ experi 


Division safety supervisor, 30- 


}5 raduate 


preferably mechanical 
with five 


lrilling 


ision. (d) 


years’ experience in petroleum 


and production safety super 
Junior engineers, recent pe 
troleum engineering graduates, capable 
inder training. Location 


developing ( 
5 * * * 


Peru. S 


Rocky Mountain Fund 
To Publish New Volume 


One of the outstanding special vol 
the AIME 
Lindgren volume. “Ore Deposits of the 
Western 


1933. It 


es published by was the 


States.” which appeared in 


has been out of print for sev 


Consideration has been 


the 


ral vears 
either 
addi 


nearly up to 


ven to reprinting volume 


or without corrections and 


ns to bring it more 


late. Decision has now been made to 
volume, again 
the Rocky 
Mountain Fund, the scope and content 
the hands of the 
John W. Vander 
Hulin, T. S 

Harrison 


x** 


iblish a totally new 


der the sponsorship ot 


which to be in 
llowing committee 
It. chairman; Carlton D 

Charles F. Pas’ 


ind Philip J. She on 


Lovering 


Schlimitt 


February, 1952 








Personals 





row 


associate director of 


NeLson has been appointed 
Socony-Vacuum’s 
laboratories, effec- 
tive March 1. Nel- 
“on has been di- 
rector of Magnolia 
Petroleum Co.'s 
I ield ‘ 


Laboratories at 


Research \ 


Dallas for the past 
~ix years. He will 

make his head- 

quarters in New 

York and will be responsible for the 
coordination of research in laboratories 
at Paulsboro, N. J.. Brooklyn, N. Y., 
and Dallas. A native of Montana. Nel- 
son was graduated from the Colorado 
School of Mines in 1934 with a degree 
worked 
in the technical department of Soceny 
Kans.. 


Research and 


in petroleum engineering. He 
Vacuum’s refinery at 
and at the 
Development Laboratories at Paulsboro 


Augusta. 


company's 


N. J.. before becoming director of the 
Dallas laboratories 

Nelson will be Mag- 

Field Research Laboratories in 

Dallas by Dayton 

H. CLeWweLL, as 


succeeded at 


nolia’s 


sistant 
1 Clewell. ‘who re 
ceived his PhD in 
physies from 
Massachusetts In- 
stitute of Technol- 
joined Mag- 
nolia in 1938 as a 


research geophysi 


director. 
' 


ogy. 


cist. Four years later he was transferred 
to the Field 
supervisor of exploration research. In 
1940 he 
the laboratories 


Research Laboratories as 


became assistant director of 


+ 


Brown is now employed 
Tools Inc.. Monroe, 


sales and service 


Kermit F 
by Garrett Oil 
Louisiana, as 


representative 


Marueny has joined the 
Continental Oil Co.. Calif... as 


SHANNON | 
Ventura 


1 petroleum engineer trainee 


+ 
J. H. Sidwell has resigned from the 
Hiawatha Oil and Gas Co. San An 
tonio. Tex.. to accept a position with 
the Imperial Production Corp. 
é. 
W.L. Fancoxer has been made man- 
ging director of Powder Oil. Lid. Cal 


vary. Alberta 


February, 1952 


Davin Bua Winkikt, Je. has ae 


cepted a position with the Venezuelan 
Atlantic Refining Ci 
with the Skelly Oil Co nthe 


Mexico district 


He was previously 


New 


re 
Maurice Lew It has resigned as 
exploitation engineer from the Shell Oil 
Co. in the Nort Texas and Oklahoma 
division. He ow 
with the British American Oil Produc 
Midland. Tex 
ie 
Wittiam A. Vesvat 
leum Co. has beet 
to Bartlesville 
+ 
Grorce P. ALDEN 
Barnsdall Oil ¢ 


with the Salmor 


district engineer 


ing Co.. 
Phillips Petro 


transferred 
Okla 


fron 


Shreveport La 


formerly with the 
Pulsa, Okla.. is now 
Oil Corp 

A. 

Wittiam A HITMIRE is sales engi 
neer for the Rega orge and Engineet 


ing Co.. San Ped 


Lester B. Swan. general manager of 
United Oilwell Service. S. A.. in Cara 
cas, Venezuela, has 
been named assist- 
int manager of 
Dowell Incorpo- 
rated in Tulsa, Be- 
appoint- 
general 
manager of United 
1949, 

Swan was district 
Dow- 
New Orleans. he had 
Pulsa as a development engi- 


fore his 


nent as 
early in 
manager of 


ell in 


served in 


Previously 


He is a graduate of the University 
of Tulsa 
in petroleum engineering. and was for- 
with the Stanolind Oil and Gas 


Co.. production department. 


+ 


ELLerson has joined The 


where he received a degree 


merly 


Francis M 
Texas Co.. New Castle. Wyo... as junior 


engineer 





Proposed for Membership, Petroleum Branch 





Total AIME membershis Nov. 30, 1951, was 
17,405; in oddit Student Associates were 
enrolled 

OMMITTEE 

rman; Carroll A. Gar 
ner ~hairn seorge B. Corless, F. W 
Hanson J h Lloyd C. Gibson, R. D 
Mollison erma Alternates, A. ( 
Brinker trot, Plato Malozemoff, iva 
Given, T Clark, Jr 

Institute membe 
as soon as the 
to wire the Se 
lect, if objection is r the admission of 
any applicant. Details « the objection should 
follow by air me T 
fend privileges, but does not desire to admit 
persons vuniess they Objections 
on applications sh received on the 15th 
of the month following publication in PETRO 
LEUM TECHNOLOGY 

In the following t S 
status; R, reinstatement; M, member; J, Junior 
Member; A, Ass te Member; S, Student Asso 
ciate; F, Junior Foreign Affiliate 


CALIFORNIA 
Granada Hills 
Long Beach I 

Soden, Archie D 
Los Angeles 
Ojai Browr 

ILLINOIS 
Flora White 

KANSAS 
Lawrence 
Wichita D 

Walter Darre 

LOUISIANA 


Lafayette ( 
M.) 


rged to review this list 
ved and immediotely 


night message co 


Institute desires to ex 


qualified 


means change of 


Morgan: City 
New Orleans 
Olivier, Fulton J 
Shreveport Kt 
S-Ji: White, J. I 
MASSACHUSETTS 


South Acton Vox 
J) 


MISSOURI 
St. Louis Kh 
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NEW MEXICO 


Hobbs Oberly, Edward 8., Jr. id) 
W r J 


Lovington MeGouldrick, Jack F. 


NEW YORK 
Hartsdale Wilheln 
OKLAHOMA 
Ardmore Curtis, Willard L. (RC 
Ponca City Murphy, John A. (C 
Tulsa Davis, J. Gilbert (C/S-S-J) 
Hudson O M Weber, Leonard B 
TEXAS 


Athens ( 


Osear «Ms 


S-S-J) 
S-A-M) 
Harder 


sword, Ronald F 
Beeville Onstott, Lloyd J 
Beliaire Murphy, George W d 
Corpus Christi Allen, Fraser H 
Marion M. (J); Jones 


(C/S-J- 
Frank L 


Cawley 


Ratts, Robert Vincent (J) 
Smitk be L. iJ) 

Fort Worth O’Shields, Richard Lee (C/S- 
S. Roper tobert L. iJ) 

Houston Adair William B (C/S-S-J) 
Dosche Todd M. (M)}; Gilbreath, Merle L 
M Purcell, William R. (C/S-J-M); Rabens- 
burg, Aubrey H. (M); Seyfarth, Frederick (J); 
rv Abdel iJ . Jonn M. (R,C/S 
M Zagar s d 

Kilgore Anderson, J M. (J); Burgess, 
George W (R,.C/S-S-J) Cook, Audrey 
R,C/S-S-J Richards, James P. (C/S-S-J) 
larbe Brook D. iJ 

Luling Beaver 
Odessa Kirk 
J 


G 


M. H. iJ) 
Rufus P. (M); Tribble, Rob- 
Refugio Pace, Floyd A. (R,C/S-S-J) 

Wichita Falls Rosenthal, Charles A. «(M) 
Yeager, Hal W Jr. id) 
WASHINGTON 

Vancouver Greve 
WYOMING 

Casper —Griswold, Johr 
ALASKA 

Anchorage 
CANADA 

Alberta Erick-Mulder, Fritho R. (¢ 
M Moncrief, Charles M. (R,C/S-J-M) 
VENEZUELA 

Barcelona Price, William T. (J) 
Harry D K,C/S-S 

Caracas 


John H. «M) 
Anthony (C/S- 


Irene E. (R,C/S-S- 


Ryan 


Grim, George R., Jr. « 
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Advertisers’ Index 





Magic Oil — Servant of the World 
By Alfred M. Leeston. Juan Pablos Books, 
tables, 0 i ; 


Dallas, 


pp., tlus., cloth, 83.75 


vrOhy in, 


Jack A. Crichton, 
Dallas. Tex 


Reviewed by San Juan Oil Co.. 


This book 


any phase of the oil 


offers worthwhile reading to anyone engaged in 


business, and te any layman with a 


curiosity about the petroleum industry 


bac ky 


political and economic 


make 
issues in the United 
affected or will affect 
supplements his theories with a 


Dr. Leeston’s economic round enables him to 
an analysis of the 
States and in foreign countries that have 
the petroleum industry. He 
host of facts that could only 
his disposal the excellent petroleum library of Dr. 


book is dedicated. A’ selected 


having at 
DeGolvyer 
bibliography is 


have been evolved by 


to whom the 
included 


Middle 


industry in 


The discussion of the political background in the 
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MAGCOBAR 
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Vou Magcobar Dealer keeps ample stocks on hand at all times and 


maintains a fleet of delivery trucks to give you ‘round the clock service. 
Their motto . . . like that of General Nathan Bedford Forrest . . . is to 
“git there fustest with the mostest.’’ 

Many times this fast Magcobar delivery service has prevented 
blowouts which would have resulted in loss of life, caused serious 
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